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Figure 1. Location map for severe rainstorms in Illinois, 1958-59 
Severe Rainstorms in Illinois 
1958-1959 
by F. A. Huff and S. A. Changnon, Jr. 
I N T R O D U C T I O N 
As p a r t of i t s h y d r o m e t e o r o l o g i c a l p r o g r a m , the 
State Wate r Survey o p e r a t e s four concen t r a t ed r a i n -
gage n e t w o r k s within the s t a t e on a r e a s ranging in 
s i ze f rom 10 to 550 s q u a r e m i l e s . These n e t w o r k s 
have p rov ided a l a r g e amount of data pe r t a in ing to 
ra infa l l r e l a t i o n s on s m a l l w a t e r s h e d s , the v a r i a -
bi l i ty of ra in fa l l in t i m e and s p a c e , and the m e a s u r e -
ment r e q u i r e m e n t s for the co l lec t ion of a c c u r a t e 
ra infa l l da ta . This is a continuing p r o g r a m and the 
r e s u l t s for the pe r iod 1948-56 w e r e s u m m a r i z e d in 
1 
Water Survey Bullet in 44. 
E x c e s s i v e ope ra t i ona l c o s t s , however , do not 
p e r m i t the w i d e s p r e a d ins ta l l a t ion of concen t r a t ed 
r a i n g a g e n e t w o r k s throughout the s t a t e . Consequen t -
ly, s ince 1948 the State Water Survey has conducted 
field s u r v e y s of l a r g e - s c a l e , s e v e r e r a i n s t o r m s in 
I l l inois to supp lemen t c l ima to log i ca l ne twork o b s e r -
vat ions and to p rov ide pe r t inen t in format ion for use 
in hydrologic a n a l y s e s , des ign , and planning. T h e s e 
field s u r v e y s p rov ide de ta i led in fo rmat ion on the 
d i s t r ibu t ion of ra infa l l in s e v e r e s t o r m s over 
thousands of s q u a r e m i l e s , which cannot be obtained 
from the c l ima to log i ca l ne twork ope ra t ed by the 
U. S. Weather Bureau that in I l l inois c o n s i s t s of 
a p p r o x i m a t e l y 1 r a ingage p e r 225 s q u a r e m i l e s . The 
field s u r v e y da ta a r e used in conjunction with syn -
optic w e a t h e r data and r a d a r o b s e r v a t i o n s to p e r -
form de ta i l ed a n a l y s e s of the c h a r a c t e r i s t i c s of 
each s t o r m , and the r e s u l t s a r e m a d e ava i lab le to 
i n t e r e s t e d u s e r s as r e p o r t s o f inves t iga t ion . This 
r e p o r t is the fifth in th i s s e r i e s . 2 , 3 , 4 , 5 
T h r e e field s u r v e y s w e r e conducted during 1958-
59. The f i r s t was m a d e on a s t o r m c e n t e r e d n e a r 
Ottawa in n o r t h e r n I l l inois on July 14, 1958 (Fig. 1). 
Max imum ra infa l l amoun t s of 8 to 9 inches o c c u r r e d 
at the c o r e of the s t o r m within a 12-hour p e r i o d , and 
m o r e than 7 inches fell within a 6-hour p e r i o d . 
N o r m a l month ly ra infa l l in this r eg ion for July is 
l e s s than 3 i n c h e s . 
The second field s u r v e y was m a d e following the 
s t o r m of May 2 0 - 2 1 , 1959, in e a s t e r n I l l ino is . In th is 
s t o r m , which was c e n t e r e d on a l ine from C h a m -
p a i g n - U r b a n a to Kankakee (Fig. 1), 6-hour amoun t s 
in e x c e s s of 6 i nches w e r e o b s e r v e d , and 3-hour 
a m o u n t s exceeded 4 i n c h e s within the s t o r m c o r e . A 
por t ion of the s t o r m c o r e was c e n t e r e d on an u r b a n 
n e t w o r k of 10 r e c o r d i n g and 4 n o n r e c o r d i n g gages in 
C h a m p a i g n - U r b a n a , o p e r a t e d by the State Water S u r -
vey in coope ra t i on with the Civil Eng ineer ing De -
p a r t m e n t of the U n i v e r s i t y of I l l i no i s . An unusua l ly 
de ta i l ed a n a l y s i s was m a d e poss ib l e by th is n e t w o r k 
da ta and should p rov ide valuable in fo rmat ion to en-
g i n e e r s involved i n u r b a n s t o r m d r a i n a g e p r o b l e m s . 
The t h i rd field s u r v e y was conducted on the 
s t o r m of August 16-17 , 1959, which was c e n t e r e d in 
the r eg ion f rom Spar ta to H a r r i s b u r g in sou the rn 
I l l inois (Fig. 1). This s t o r m was c e n t e r e d on the 
Water Su rvey ' s c o n c e n t r a t e d ne twork of 54 r a i n g a g e s 
in 550 squa re m i l e s in s o u t h e r n I l l ino i s , a ve ry fo r -
tunate o c c u r r e n c e for r e s e a r c h p u r p o s e s in that th i s 
p rov ided d e t a i l s o n s e v e r e r a i n s t o r m c h a r a c t e r i s -
t i c s r a r e l y a v a i l a b l e . Amounts exceeded 10 inches 
in 16 hou r s in the s t o r m c o r e . 
In addi t ion to the t h r ee s t o r m s d i s c u s s e d above , 
two s t o r m s for which field su rveys w e r e not m a d e 
a r e included in th i s r e p o r t . The s t o r m on Apr i l 2 6 -
28, 1959, is inc luded b e c a u s e of i t s unusua l s e v e r i t y 
for n o r t h e a s t e r n and no r th c e n t r a l I l l inois a t tha t 
t i m e of the y e a r (Fig. 1). A l so , a p o r t i o n of the 
heav i e s t ra in fa l l o c c u r r e d on the Water Su rvey ' s 
concen t r a t ed r a i n g a g e ne twork on the P a n t h e r C r e e k 
w a t e r s h e d in n o r t h c e n t r a l I l l ino is . Amounts in 
e x c e s s of 6 i n c h e s were r e c o r d e d within a 36-hour 
pe r i od in this e a r l y sp r ing s t o r m . 
Tota l r a in fa l l amoun t s and ra infa l l i n t ens i t i e s in 
the s t o r m of August 4 - 6 , 1959, were not r a r e , but 
the unusua l ly l a r g e a r e a of heavy ra infa l l which 
s t r e t c h e d f rom w e s t e r n to sou the rn I l l inois (Fig. 1) 
m a d e this s t o r m of p a r t i c u l a r i n t e r e s t . Amounts 
exceeded 6 i n c h e s in 60 h o u r s at s e v e r a l loca t ions 
in I l l ino i s , whi le in e a s t e r n Iowa 9-inch amounts o c -
c u r r e d dur ing the night of August 5-6 . The l a r g e 
a r e a of heavy r a in fa l l made a field s u r v e y unfeas ib le 
with ava i l ab le p e r s o n n e l . F o r t u n a t e l y , m o s t of the 
I l l inois por t ion of the s t o r m was in a r eg ion w h e r e 
the n u m b e r of r a ingages in the c l ima to log ica l n e t -
work i s above a v e r a g e . 
In the a n a l y s i s of each s t o r m in this r e p o r t , 
i sohye ta l m a p s for the tota l s t o r m pe r iod have been 
p r e p a r e d , and w h e r e the dens i ty of r e c o r d i n g gages 
has p e r m i t t e d i t , i sohye ta l m a p s for i n c r e m e n t a l 
p e r i o d s of peak ra in fa l l within the to ta l s t o r m pe r iod 
have been m a d e . F r o m the i sohye ta l m a p s , a r e a -
depth r e l a t i o n s have been e s t a b l i s h e d for the to t a l 
s t o r m pe r iod and for peak p e r i o d s of ra in fa l l within 
the ove ra l l s t o r m . When p o s s i b l e , the t i m e d i s t r i -
bution of r a in fa l l in the s t o r m s was d e t e r m i n e d a l s o . 
Other a n a l y s e s include the c o n s t r u c t i o n of m a s s 
ra in fa l l c u r v e s for s ta t ions n e a r the s t o r m c o r e s , 
eva lua t ion of the synoptic wea the r condi t ions a s -
soc ia t ed with each s t o r m , r a d a r ana lys i s of the 
s t o r m c h a r a c t e r i s t i c s , and a d e s c r i p t i o n of a n t e c e -
dent ra infa l l cond i t ions . F o r the two s t o r m s c e n -
t e r e d on or n e a r concen t r a t ed r a i n g a g e n e t w o r k s , 
r a in fa l l - runof f r e l a t i o n s a r e p r e s e n t e d . D i s c u s s i o n s 
of the five s t o r m s a r e p r e s e n t e d in ch rono log ica l 
o r d e r . 
None of the s t o r m s d e s c r i b e d in th i s r e p o r t had 
d e p t h - d u r a t i o n - a r e a va lues that e x c e e d e d those 
p r e s e n t e d on page 77 of Water Survey Repor t of 
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Inves t iga t ion No. 35.5 Only the s t o r m of August 16-
17, 1959, had a m o u n t s which approached the se en-
velope v a l u e s . 
Rada r o b s e r v a t i o n s of the s t o r m s w e r e m a d e 
with a C P S - 9 r a d a r ope ra t ed by the State Water 
Survey at the U n i v e r s i t y of I l l inois A i r p o r t n e a r 
Urbana in ea s t c e n t r a l I l l inois (F ig . 1). This is a 
h i g h - p o w e r e d , 3 - c m se t , spec i f i ca l ly des igned for 
the de tec t ion , t r a c k i n g , and g e n e r a l m e t e o r o l o g i c a l 
a n a l y s i s of s t o r m s . The C P S - 9 has an effect ive 
o b s e r v a t i o n r ange of about 250 m i l e s , a l though on 
o c c a s i o n s th i s r a n g e m a y v a r y c o n s i d e r a b l y , d e -
pending upon s t o r m c h a r a c t e r i s t i c s , p r ec ip i t a t i on 
a t t enua t ion , and o the r a t m o s p h e r i c condi t ions . 5 
Acknowledgments 
This r e p o r t was p r e p a r e d under the g e n e r a l d i -
r e c t i o n of Wil l iam C. A c k e r m a n n , Chief of the I l l i -
no is State Water Survey , and Glenn E. Stout, Head of 
the Meteoro logy Sect ion. 
C r e d i t is due v a r i o u s p e r s o n n e l in the following 
o rgan i za t i ons for providing ra in fa l l data p e r t i n e n t 
to the s tudy: U. S. Weather Bureau offices at A s h e -
v i l l e , Nor th C a r o l i n a , and C h a m p a i g n - U r b a n a , I l l i -
n o i s ; the U. S. Geologica l Survey, and the I l l inois 
Div is ion of W a t e r w a y s . Apprec ia t ion is e x p r e s s e d 
to M r . Hal F o s t e r , U. S. Weather B u r e a u , Kansas 
Ci ty , for p rov id ing valuable r a d a r da ta used in the 
a n a l y s i s of the s t o r m of August 16-17, 1959, and to 
M r . L a r s C h r i s t e n s e n , U . S . W e a t h e r B u r e a u , 
Springfield, I l l i no i s , and p e r s o n n e l of Chanute Air 
F o r c e Base for providing synopt ic wea the r da ta 
e s s e n t i a l to the s tudy. The a s s i s t a n c e of Mr . W a r r e n 
Dan ie l s of the U. S. Geological Survey is gra tefu l ly 
acknowledged for furnishing s t r e a m g a g e data and 
for his s u g g e s t i o n s pe r t a in ing to a n a l y s i s of t h e s e 
da t a . Dr . F loyd Cunningham of Southern I l l inois 
U n i v e r s i t y supp l ied ra in fa l l da ta for the August 16-
17, 1959, s t o r m compi l ed from a n e t w o r k of r a i n -
gages in sou the rn I l l inois o p e r a t e d by Southern I l l i -
nois Un ive r s i t y . 
R a d a r da ta w e r e co l lec ted a t the Wa te r S u r v e y ' s 
Me teo ro logy L a b o r a t o r y with an A N / C P S - 9 r a d a r 
which was supp l ied by the U. S. A r m y Signal R e -
s e a r c h and Deve lopment L a b o r a t o r y unde r Con t r ac t 
D A - 3 6 - 0 3 9 SC-75055 . 
STORM OF JULY 14, 1958 
The mos t s e v e r e r a i n s t o r m in I l l inois during 
1958 was c e n t e r e d n e a r Ottawa in the n o r t h e r n p a r t 
of the s ta te on July 14, w h e n 12-hour ra infa l l 
amoun t s of 8 to 9 inches and 6-hour amoun t s in ex-
c e s s of 7 inches w e r e r e c o r d e d . Rainfall exceeding 
6 inches fell o v e r an a r e a of 500 s q u a r e m i l e s , 4 
inches over 2000 s q u a r e m i l e s , and 2 i nches over 
4800 s q u a r e m i l e s . Although v e r y i n t e n s e , this 
s t o r m did not extend over as l a r g e an a r e a as m o s t 
of the s e v e r e r a i n s t o r m s inves t iga ted p rev ious ly 
A field s u r v e y was m a d e of th i s s t o r m to co l l ec t d e -
ta i led data pe r t a in ing to the loca t ion , i n t ens i ty , and 
o r i en ta t ion of the s t o r m . Fie ld s u r v e y da ta c o m -
bined with that furnished by o ther o rgan iza t ions 
provided a to ta l of 130 ra in fa l l m e a s u r e m e n t s upon 
which to base the s t o r m a n a l y s e s . 
I sohyeta l P a t t e r n s 
An i sohyeta l m a p for the e n t i r e s t o r m p e r i o d is 
shown in F i g u r e 2. All of the ra in fa l l in the s t o r m 
c o r e and n e a r l y a l l of i t in the heavy ra in fa l l region 
(Fig . 2) o c c u r r e d within the 12-hour pe r iod begin-
ning at 0000 CST, July 14. A few hundred ths of an 
inch w e r e added to the outer f r inges of the s t o r m 
zone in l a t e af ternoon and evening s h o w e r s on 
July 14. F i g u r e 3 shows the i sohye ta l p a t t e r n for 
the m a x i m u m 6 -hour pe r iod of ra infa l l f rom 0030 to 
0630 CST. The o r i en ta t ion of the s t o r m is typ ica l of 
s e v e r e r a i n s t o r m s in I l l inois , which have m o s t f r e -
quent o r i en ta t ions f rom WNW-ESE through W-E to 
WSW-ENE. The space and t i m e v a r i a b i l i t y of the 
ra in fa l l was so g r e a t that a 3 -hour peak pe r i od m a p 
could not be d e t e r m i n e d s a t i s f a c t o r i l y from the 
ava i l ab le r e c o r d i n g r a ingage da ta . 
D e p t h - D u r a t i o n - A r e a Rela t ions 
A r e a - d e p t h r e l a t i o n s for peak p e r i o d s of 6 and 12 
hou r s a r e given in Tab le 1. Over 80 p e r c e n t of the 
to ta l s t o r m ra infa l l in the s t o r m c o r e o c c u r r e d 
dur ing the 6 -hour pe r iod and, as men t ioned e a r l i e r , 
a l l of it fell in 12 h o u r s . 
Table 2 shows the a r e a which e x p e r i e n c e d r a i n -
fall a m o u n t s equal l ing o r exceed ing those for 
s e l e c t e d r e c u r r e n c e i n t e r v a l s for the 6 -hour and 
12-hour p e r i o d s of m a x i m u m ra in fa l l , based upon 
the f requency s tud ies of Huff and Nei l l . F o r ex -
a m p l e , 400 s q u a r e m i l e s r e c e i v e d a m o u n t s equal l ing 
or exceeding the 100-yea r f requency of point r a i n -
fall in this reg ion dur ing the m a x i m u m 6-hour r a i n -
fall pe r iod , while 550 s q u a r e m i l e s exceeded the 12-
hour , 100-year f requency va lue . 
Antecedent Rainfal l 
Tota l r a in fa l l for the 5-day and 10-day p e r i o d s 
p r eced ing the July 14 s t o r m is shown in the i sohye ta l 
m a p s of F i g u r e s 4 and 5. N o r m a l r a in fa l l for t h e s e 
5-day and 10-day p e r i o d s is a p p r o x i m a t e l y 0.5 inch 
and 1.0 inch , r e s p e c t i v e l y . F i g u r e 4 shows n o r m a l 
to s l ight ly above n o r m a l amoun t s in the s t o r m c e n -
t e r in the Ottawa reg ion with amoun t s of 0.50 to 0.75 
inch for the 5 days p r e c e d i n g the s t o r m . Only n e a r 
the e a s t e r n end of the s t o r m c o r e in the v ic in i ty of 
Kankakee was heavy ra in fa l l e x p e r i e n c e d in the p r e -
ceding 5 d a y s . F i g u r e 5 shows that 10-day to ta l s 
p r eced ing the s t o r m of July 14 w e r e n e a r n o r m a l in 
the s t o r m c e n t e r in the Ottawa r e g i o n , becoming 
above n o r m a l over m u c h of the r eg ion su r round ing 
the c e n t e r . 
5 
T A B L E 1 
DEPTH-DURATION-AREA DATA, JULY 14, 1958 
Depth (in.) for given area (sq. mi.) Duration 
(hours) 10 25 50 100 200 500 1000 2000 5000 7500 
6 7.70 7.50 7.25 6.95 6.50 5.55 5.00 4.00 2.70 
12 8.95 8.70 8.50 8.20 7.40 7.00 6.20 5.25 3.85 3.10 
TABLE 2 
R E C U R R E N C E INTERVAL OF MAXIMUM RAINFALL AMOUNTS, JULY 14, 1958 
A r e a (sq. m i . ) with ra in fa l l equal l ing or 
Dura t ion exceeding given r e c u r r e n c e - i n t e r v a l v a l u e s (yrs . ) 
(hours) 2 5 10 25 50 100 
6 3100 2300 1800 1200 750 400 
12 4700 3800 2400 1600 950 550 
6 
Synoptic Weather 
The su r face map at 0000 CST, July 14, nea r the 
s t a r t of the heavy ra in fa l l in the s t o r m c e n t e r , 
showed a w a r m front o r i e n t e d a p p r o x i m a t e l y W-E 
th rough the s t o r m zone from e a s t e r n Iowa to n o r t h -
e r n Ohio (Fig. 6). This front , which was loca ted 
th rough e x t r e m e sou thern I l l inois 24 hou r s e a r l i e r 
(0000 C S T / J u l y 13), moved n o r t h w a r d through the 
s t a t e on July 13 and appea red to become n e a r l y s t a -
t i o n a r y t e m p o r a r i l y in the s t o r m zone. At 0600 CST, 
Ju ly 14, the front had moved l i t t le f rom i t s pos i t ion 
6 h o u r s e a r l i e r , but i t a c c e l e r a t e d and d i s s ipa t ed 
r a p i d l y in the next 6 h o u r s , 0600-1200 CST. A 
s t r o n g inflow of m o i s t m a r i t i m e t r o p i c a l a i r in to 
I l l inois ex i s t ed dur ing the s t o r m pe r iod . At 0000 
CST, July 14, a i r t e m p e r a t u r e s w e r e n e a r 75°F jus t 
south of the front in I l l inois with dew points n e a r 
70 F . T h e r e a p p e a r e d to be l i t t le t e m p e r a t u r e con -
t r a s t a c r o s s the front, but dew point d i f fe rences of 
about 5 ° F e x i s t e d . The i s o b a r i c p a t t e r n indicated 
c o n s i d e r a b l e s h e a r a c r o s s the front a t the t ime i t 
e n t e r e d the s t o r m reg ion . At 0000 CST on the 14th 
a cold front was approach ing w e s t e r n Iowa, but was 
s t i l l about 500 m i l e s wes t of the s t o r m c e n t e r . 
The 8 5 0 - m b c h a r t for 1800 CST, July 13, i n -
d ica ted s o u t h w e s t e r l y flow of 10 to 20 knots t h rough-
out I l l inois with r e l a t i ve ly s t rong dew point g r a d i e n t s 
(Fig . 7). The s t o r m zone was lying a p p r o x i m a t e l y 
p a r a l l e l to the dew point l i n e s . Convergence of 
m o i s t a i r into n o r t h e r n I l l inois was indicated by a 
10-knot wind at P e o r i a , a few m i l e s southwes t of the 
s t o r m c e n t e r , c o m p a r e d to 25 knots a t Co lumbia , 
M i s s o u r i , about 200 m i l e s sou thwes t of P e o r i a 
Wind speeds of 20 to 30 knots throughout the sou th -
e r n United S ta tes were br ing ing m a r i t i m e t r o p i c a l 
a i r n o r t h w a r d . By 0600 CST, July 14, the wind flow 
p a t t e r n a t 850 mb ind ica ted r e l a t i v e l y s t rong con-
v e r g e n c e into the s t o r m reg ion with P e o r i a r epo r t i ng 
a WSW wind of 35 knots , whi le winds of 30 to 40 kno t s 
w e r e blowing from the sou thwes t in a zone f rom 
Oklahoma th rough s o u t h w e s t e r n and e a s t e r n M i s -
s o u r i , into c e n t r a l and n o r t h e a s t e r n I l l inois and 
w e s t e r n Indiana . Winds to the e a s t of this zone w e r e 
a l s o from the southwes t but c o n s i d e r a b l y l i g h t e r . 
Based on the 850 -mb m a p at 0600 CST, the wind 
flow p a t t e r n was p roduc ing a m a x i m u m of c o n v e r -
gence jus t e a s t and n o r t h e a s t of P e o r i a in the r a i n -
s t o r m reg ion . 
The 7 0 0 - m b m a p at 1800 CST on July 13 ind ica ted 
w e s t e r l y flow of a p p r o x i m a t e l y 25 knots th rough 
I l l i no i s , and a m i n o r t rough o r i en ted NW-SE through 
n o r t h e r n and n o r t h e a s t e r n I l l inois in the v ic in i ty of 
the s t o r m reg ion (Fig. 8) . A m i n o r t rough at th is 
l eve l has been o b s e r v e d to o c c u r f requent ly with 
s e v e r e r a i n s t o r m s in I l l i no i s . F i g u r e 8 shows the 
s t o r m reg ion lying in an a r e a of r e l a t i v e l y s t rong 
dew point g r a d i e n t with the dew point l i nes n e a r l y 
p a r a l l e l with the sur face r a i n s t o r m a x i s , s i m i l a r to 
the s i tuat ion at 850 m b . By 0600 CST, July 14, the 
7 0 0 - m b winds indica ted c o n v e r g e n c e into the s t o r m 
reg ion , with a WSW wind of 35 knots at P e o r i a b e -
coming w e s t e r l y a t 25 knots o v e r n o r t h e r n Indiana, 
while at the s a m e t i m e , s o u t h w e s t e r l y winds of about 
35 knots w e r e ind ica ted th roughout M i s s o u r i and 
c e n t r a l I l l ino is . Again, the s t o r m region a p p e a r e d 
to l ie within the a r e a of m a x i m u m conve rgence 
At 1800 CST, July 13, the 5 0 0 - m b map ind ica ted 
WNW flow of about 35 knots in n o r t h e r n I l l ino i s , and 
a NW-SE t rough th rough the n o r t h e a s t e r n p a r t of the 
s ta te (Fig. 9). The s t o r m r e g i o n was lying m an 
a r e a of r e l a t i v e l y s t e e p dew point g rad ien t with the 
dew point l ines again p a r a l l e l to the r a i n s t o r m a x i s . 
By 0600 CST on the 14th the wind pa t t e rn over M i s -
sou r i and I l l inois ind ica ted conve rgence eas t of 
P e o r i a , s i m i l a r to condi t ions a t 850 mb and 700 m b . 
The 300 -mb c h a r t at 1800 CST, July 13 (Fig. 10), 
indica ted sl ight d i v e r g e n c e ove r I l l inois in a weak 
r idge be tween two t roughs to the west and e a s t . By 
noon on the 14th changes in the wind p a t t e r n s at 850 
mb to 500 mb had r e m o v e d the conve rgence zone 
ea s t of P e o r i a , and the heavy ra infa l l in n o r t h e r n 
I l l inois had c e a s e d . 
The p r e c i p i t a b l e w a t e r p a t t e r n for the l a y e r f rom 
the su r face to 400 mb at 1800 CST on July 13 is 
shown in F i g u r e 11 . This m a p shows the s t o r m r e -
gion lying s l igh t ly n o r t h of a r i d g e in the p r e c i p i -
table w a t e r p a t t e r n . A depth of a p p r o x i m a t e l y 1.4 
inches is ind ica ted in the s t o r m zone which is about 
n o r m a l for m i d - J u l y . At P e o r i a the RAOB ind ica t ed 
1.53 inches at tha t t i m e . With the s t rong s o u t h e r l y 
flow of m a r i t i m e t r o p i c a l a i r a t the lower l e v e l s , the 
p r e c i p i t a b l e w a t e r would be expec t ed to i n c r e a s e by 
midnight , when the s t o r m s t a r t e d . F igu re 7 shows 
the i s o d r o s o t h e r m s n e a r l y p e r p e n d i c u l a r to the wind 
flow at 1800 CST, 6 hours p r i o r to the s t a r t of the 
s t o r m . RAOB da ta 12 hours l a t e r at 0600 CST i n -
d ica ted the expec ted i n c r e a s e had taken p l a c e . At 
that t i m e the p r e c i p i t a b l e w a t e r depth a t P e o r i a had 
r i s e n to 2 06 i n c h e s , and the s t o r m zone was p a r t of 
a W-E r idge of p r e c i p i t a b l e w a t e r extending th rough 
c e n t r a l Iowa, n o r t h e r n I l l inois , n o r t h e r n Indiana , and 
n o r t h e r n Ohio. The h ighes t p r e c i p i t a b l e wa te r depths 
in the c o u n t r y w e r e along the ax i s of this r i d g e . The 
g r e a t e s t i n c r e a s e in depth a t P e o r i a dur ing the n o c -
t u r n a l 12-hour p e r i o d , 1800-0600 CST, was in the 
l a y e r from the su r face to 850 m b , where i t i n -
c r e a s e d f rom 0.65 to 1.02 i n c h e s . In the l a y e r f rom 
700 mb to 400 mb a negl ig ib le i n c r e a s e of 0.03 inch 
o c c u r r e d in the 12-hour p e r i o d . 
The Showal ter s t ab i l i ty index for P e o r i a at 1800 
CST, July 13, was +2. Values of +2 to +3 ex i s t ed for 
s e v e r a l hundred m i l e s to the n o r t h , eas t , and sou th -
e a s t , but va lues of -3 to -6 ex i s t ed to the wes t and 
southwes t in w e s t e r n Iowa, w e s t e r n M i s s o u r i , and 
A r k a n s a s . The wind flow p a t t e r n at the s u r f a c e and 
aloft ind ica ted the m o v e m e n t of the m o r e uns tab le 
a i r t oward I l l inois , and a d e c r e a s e in s tab i l i ty would 
be expected as the night p r o g r e s s e d . R e f e r e n c e to 
Showalter ind ices 12 hou r s l a t e r at 0600 CST i n d i -
ca ted the p r e s e n c e of v e r y uns t ab l e a i r ove r m o s t 
of I l l i no i s . P e o r i a had a va lue of -4 at tha t t i m e , 
while Co lumbia , M i s s o u r i , t o the southwest r e -
co rded a - 5 . 
R a d a r Analys is 
The C P S - 9 r a d a r set was not in o p e r a t i o n dur ing 
the p e r i o d when m o s t o f t h e ra infa l l o c c u r r e d . 
Dur ing the af ternoon of July 13 two l ines of echoes 
o r i e n t e d a p p r o x i m a t e l y W-E were o b s e r v e d on the 
r a d a r scope , one a ppa ren t l y a s s o c i a t e d with the 
n o r t h w a r d - m o v i n g w a r m front and the o the r in the 
w a r m a i r to the r e a r of the front. When r a d a r 
o p e r a t i o n s w e r e t e r m i n a t e d a t 1800 CST, both l ines 
w e r e moving s lowly n o r t h w a r d , the f i r s t about 50 
to 75 m i l e s n o r t h of the r a d a r s tat ion and the o the r 
a few mi l e s south of the s ta t ion . N e i t h e r l ine a p -
p e a r e d to be in tense or well defined. 
S u m m a r y 
The mos t s e v e r e r a i n s t o r m in I l l inois dur ing 
1958, c e n t e r e d n e a r Ottawa in n o r t h e r n I l l ino i s , 
p r o d u c e d 12-hour amounts of 8 to 9 inches at the 
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s t o r m c e n t e r and 6-hour amounts in e x c e s s of 7 
i n c h e s . T h e s e a m o u n t s exceed the 1 0 0 -y ea r f r e -
quency of point ra in fa l l in this r eg ion . Rainfa l l ex -
ceeding 6 inches fell over 500 s q u a r e m i l e s , 4 inches 
ove r 2000 s q u a r e m i l e s , and 2 inches over 4800 
s q u a r e m i l e s dur ing the total s t o r m p e r i o d . 
Synoptic wea the r a n a l y s e s ind ica ted th is s t o r m 
o c c u r r e d in the v i c in i t y of a weak w a r m front which 
b e c a m e n e a r l y s t a t i o n a r y during the s t o r m p e r i o d . 
The s t o r m was suppor ted by r e l a t i v e l y s t r o n g con-
v e r g e n c e a t the 8 5 0 - m b to 500-mb l e v e l s , d ive rgence 
at 300 m b , and a s t rong inflow of a b n o r m a l l y m o i s t 
a i r in the lower l e v e l s . The s t o r m d i s s i p a t e d when 
the front a c c e l e r a t e d in i ts no r thward m o v e m e n t and 
wind flow changes r e m o v e d the s t rong c o n v e r g e n c e 
zone . The m a x i m i z a t i o n of ra infa l l at night and the 
WNW-ESE o r i en t a t i on of the r a i n s t o r m ax is a r e 
typ ica l c h a r a c t e r i s t i c s o f s e v e r e r a i n s t o r m s i n 
I l l i no i s . 
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Figure 2. Total storm rainfall for July 14, 1958 
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Figure 3. Maximum 6-hour rainfall for July 14, 1958 
Figure 4. Total rainfall for July 9-13, 1958 Figure 5. Total rainfall for July 4-13, 1958 
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Figure 6. Surface synoptic map at 0000 CST an July 14, 1958 
Figure 7. 850-mb map at 1800 CST on July 13, 1958 
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Figure 8. 700-mb mop at 1800 CST on July 13, 1958 
Figure 9. 500-mb map at 1800 CST on July 13, 1958 
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Figure 10. 300-mb map at 1800 CST on July 13, 1958 
Figure 11. Precipitable water for surface to 400 mb at 1800 CST on July 13, 1958 
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STORM OF A P R I L 2 6 - 2 8 , 1959 
On Apr i l 26 -28 , 1959, a r a i n s t o r m o c c u r r e d in 
which 36-hour amounts of 4 to 6 inches w e r e r e -
c o r d e d in n o r t h c e n t r a l and n o r t h e a s t e r n I l l i no i s . 
Th i s was an unusua l ly s e v e r e s t o r m for th i s a r e a a t 
th is t i m e of the y e a r . Although ra in fa l l extended 
over a pe r iod of 48 h o u r s , mos t of it fell within a 
few h o u r s in t h r e e p e r i o d s of in t ense r a in fa l l . The 
f i r s t o c c u r r e d dur ing the la te af ternoon and evening 
of the 26th, the second dur ing the e a r l y morn ing of 
the 27th, and the l a s t dur ing the l a t e af ternoon and 
evening of the 27th. A por t ion of the h e a v i e s t r a i n -
fall took p l ace on the P a n t h e r C r e e k w a t e r s h e d in 
n o r t h c e n t r a l I l l ino i s , w h e r e the State Water Survey 
o p e r a t e s a ne twork of 10 r e c o r d i n g r a i n g a g e s in an 
a r e a of 100 s q u a r e m i l e s . Analys i s of the n e t w o r k 
da ta ind ica te s that m e a s u r a b l e ra infa l l o c c u r r e d 
dur ing 18 to 24 hou r s of the 48 -hour p e r i o d which 
began at 1500 CST on A p r i l 26. Only l ight amoun t s 
w e r e r e c o r d e d dur ing the l a s t 12 h o u r s of the 4 8 -
hour p e r i o d . 
I sohye ta l P a t t e r n s 
A s t o r m i sohye ta l m a p for I l l inois for the 4 8 -
hour pe r i od beginning at 1500 CST on Apr i l 26 is 
shown in F i g u r e 12. The ana ly s i s is b a s e d upon 
o b s e r v a t i o n s of the c l ima to log ica l ne twork of the 
U. S. Wea the r Bureau , and r a i n g a g e s o p e r a t e d by 
the State Water Survey, State Divis ion of W a t e r w a y s , 
and the U. S. Geological Survey. F i g u r e 12 shows 
t h r e e c e n t e r s in the o v e r a l l ra infa l l p a t t e r n , one 
extending w e s t w a r d f rom the Chicago r e g i o n , a s e c -
ond o r i en ted WSW-ENE in the v ic in i ty of the P a n t h e r 
C r e e k Network , and a t h i rd extending w e s t w a r d from 
the v ic in i ty of Watseka . The h e a v i e s t amoun t s w e r e 
r e c o r d e d a few m i l e s eas t of the P a n t h e r C r e e k 
Network . The s t o r m was of g r e a t a r e a l extent with 
a m o u n t s of 3 to 4 i nches r e c o r d e d in e a s t e r n Iowa 
and a bel t with 3 to 5 i nches extending a c r o s s c e n -
t r a l Indiana, e a s t w a r d f rom the s t o r m c e n t e r shown 
at Watseka in F i g u r e 12. 
C h a r a c t e r i s t i c s of Rainfal l Dis t r ibu t ion 
M a s s ra in fa l l c u r v e s for r e c o r d i n g gage s t a t i ons 
loca t ed within or n e a r the t h r ee ra infa l l c e n t e r s of 
F i g u r e 12 a r e shown in F i g u r e 13, based on h o u r l y 
a m o u n t s . Loca t ions of t h e s e s ta t ions a r e shown in 
F i g u r e 12. The cu rve for Gage 6 of the P a n t h e r 
C r e e k Network , a s s o c i a t e d with the h e a v i e s t of the 
t h r e e s t o r m c e n t e r s o f F i g u r e 12, shows t h r e e d i s -
t inc t p e r i o d s of r a in fa l l , the f i r s t and t h i r d being 
the h e a v i e s t . F r o m 1500 to 2100 CST on A p r i l 27 , 
1.95 inches fell , whi le in the 6-hour p e r i o d , 1500-
2100 CST on the 26th, 1.58 inches w e r e r e c o r d e d . 
A 3-hour tota l of 1.90 inches o c c u r r e d f rom 1500 to 
1800 on the 27th and a 1-hour tota l of 1.20 inches 
from 1600 to 1700 on the s a m e da t e . T h e s e a r e un-
usua l ly heavy i n t ens i t i e s for Apri l r a i n s t o r m s in 
this a r e a . At Shabbona in the m o s t n o r t h e r n r a i n -
fall c e n t e r of F i g u r e 12, a 6 -hour total of 3.30 inches 
was r e c o r d e d be tween 1700 and 2300 on the 27th, 
while C r e t e in the s a m e s t o r m cen te r had 2.57 
inches dur ing the 6 hou r s beginning at 1900 on the 
27th. Maximum 3-hour amoun t s at Shabbona and 
C r e t e w e r e 2.50 inches and 2.32 i n c h e s , r e s p e c t i v e l y . 
Rainfa l l in the t h i rd c e n t e r n e a r Watseka in F i g u r e 
12 a p p e a r e d to be heav i e s t in the f i rs t s t o r m pe r iod 
dur ing the la te a f te rnoon and evening of the 26th. 
The m a s s c u r v e for P i p e r Ci ty , on the n o r t h w e s t 
edge of the c e n t e r , shows a 6-hour to ta l of 1.44 
inches from 1600 to 2200 on the 26th, with only l ight 
t o m o d e r a t e amoun t s th roughout the r e s t o f t h e 
s t o r m p e r i o d . 
D e p t h - D u r a t i o n - A r e a Re la t ions 
A r e a - d e p t h r e l a t i o n s for the 48-hour s t o r m p e -
r iod a r e shown in Table 3. Since only a few hun-
d r e d t h s of an inch fell at s c a t t e r e d poin ts in the 
s t o r m zone dur ing the l a s t 12 hours of the s t o r m , 
the va lues f o r 4 8 h o u r s (Table 3 ) a r e n e a r l y i den t i ca l 
with those for 36 hours and, cons ide r ing c o m p u t a -
t ional and sampl ing a c c u r a c y , m a y be u s e d for both 
p e r i o d s . 
Antecedent Rainfal l 
F i g u r e s 14 and 15 show the tota l r a in fa l l for 
p e r i o d s of 5 and 10 days p reced ing the A p r i l 26-28 
s t o r m . N o r m a l 5-day and 10-day r a in f a l l in the 
s t o r m reg ion dur ing the l a t t e r pa r t o f A p r i l i s a p -
p r o x i m a t e l y 0.60 inch and 1.20 i nches , r e s p e c t i v e l y . 
F i g u r e 14 shows s c a t t e r e d a r e a s of above n o r m a l 
r a in f a l l for the Apr i l 21 -25 pe r iod , one of which is 
in p a r t s of the Watseka and P a n t h e r C r e e k c e n t e r s 
of F i g u r e 12. Of the t h r e e c e n t e r s in F i g u r e 12, 
only the e a s t e r n p a r t of the Watseka c e n t e r is in a 
r e g i o n e x p e r i e n c i n g above n o r m a l r a in fa l l for the 
10 days p r eced ing the s t o r m . 
T A B L E 3 
DEPTH-DURATION-AREA DATA, A P R I L 26 -28 , 1959 
Depth (in.) for given a r e a (sq. mi . ) 
P e r i o d 
(hours) 25 50 100 200 500 1000 2000 5000 10,000 20,000 
48 6.15 5.95 5.80 5.60 5.20 4.85 4.40 3.70 3.10 2.45 
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Synoptic Weather 
The surface map at 0600 CST, April 26, showed a 
quasi-stat ionary front oriented W-E across south 
central Illinois (Fig. 16). Wave formations were 
indicated along this front which extended westward 
through Missouri and eastward through Indiana to 
Ohio, where it became a cold front and extended 
n o r t h e a s t w a r d into New England. The quasi-
stationary front had passed through Illinois as a 
cold front on the previous day. A relatively strong 
flow of mari t ime tropical air into Illinois was in-
dicated with temperatures near 60°F and dew points 
near 55°F south of the front in Illinois. Tempera-
tures ahead of the front in northern Illinois were 45 
to 50 degrees . The isobars and winds indicated 
strong shear across the front. 
Twenty-four hours later at 0600 CST on April 
27 the quasi-s tat ionary front had drifted a few 
miles northward, but was still oriented W-E across 
central Illinois (Fig. 16). Heavy rain occurred in 
the region from Chicago to Moline during the evening 
of the 26th, and was apparently associated with a 
wave on the front to the south of the rain area . The 
main low pressure center was located in south-
eastern Kansas. 
By 0000 CST on April 28 the Kansas low had 
moved northeastward to the vicinity of Peoria , 
Illinois, with a warm front extending eastward and a 
cold front southwestward out of the low center 
(Fig. 16). During the late afternoon and evening of 
the 27th heavy rainfall was recorded in the region 
from Peoria eastward through Illinois, associated 
with the approach of the low center. 
By 0600 CST on the 28th (Fig. 16) the low center 
had moved northeastward to Lake Michigan and the 
cold front was moving eastward out of Illinois. 
Except for light amounts, the rainfall m Illinois had 
ended by the early morning of the 28th with the 
passage of the low center. 
Figure 17 shows upper air charts for 1800 CST 
on April 26 during the first major storm of the April 
26-28 period. Figure 18 shows similar charts 24 
hours later during the third and final major storm 
of the period, and the storm in which the heaviest 
intensities were experienced over most of the storm 
zone. At 850 mb (Fig. 17) southwesterly flow of 20 
to 30 knots was indicated in Illinois behind the quasi-
stationary front. At 700 mb WSW-W winds at 30 to 
40 knots were present , while at 500 mb westerly 
winds of 60 knots were indicated. The upper air 
data for 1800 CST, April 27 (Fig. 18), indicated 
southwesterly winds of 20 to 30 knots in the storm 
region at 850 mb. becoming WSW at 30 to 40 knots 
at 700 mb, WSW at 40 to 50 knots at 500 mb, and 
WSW at 60 to 80 knots at 300 mb. 
During the storm period precipitable water 
values in excess of 1 inch were recorded, consid-
erably above the normal of 0.75 inch at this time of 
the year. A tongue of high precipitable water ex-
tended northward from Texas and then eastward 
through Illinois, Indiana, and Ohio, approximately 
paral lel to the quasi-stat ionary front and to the 
bands of heavy rainfall in northern Illinois. 
The Showalter stability index indicated unstable 
conditions over northern Illinois during the storm 
period. The Peoria RAOB indicated indices of -1 to 
-3 during the rainfall period, while values of -4 
were observed to the southwest with the main low 
center. The freezing level was near 11,000 feet 
during the s torm. 
Radar Analysis 
The radar was not in operation during the first 
s torm period on the 26th. Radar observations with 
the CPS-9 were available for the period 0730-2230 
on the 27th, which included most of the second 
storm period. Reference to radar photographs of 
the PPI showed several squall lines or zones moving 
northward on the 27th. Ear ly on the 27th a zone in 
northern Illinois was oriented NW-SE. Others which 
developed later were oriented WNW-ESE, becoming 
nearly W-E during the evening as the low center 
approached and passed and the heavy rainfall ended. 
During the late evening the radar portrayed very 
well the precipitation pattern associated with the 
low pressure system and its associated warm and 
cold fronts. 
At 0730 CST a line was oriented NW-SE across 
northeastern Illinois just south of Chicago. This line 
appeared to intersect with another group of echoes 
in western Indiana. Also, at that time a second line 
oriented WNW-ESE appeared to develop or intensify 
in the vicinity of the radar station. By 1000 CST the 
northeastern Illinois line had dissipated to some ex-
tent, while the second line through the radar station 
at 0730 was well defined and about 40 miles north of 
the station (Fig. 19). A third line had developed and 
moved northward to about 40 miles south of the 
station. Scattered echoes were present in south-
western Illinois 
By noon a fourth line was visible about 60 miles 
south of the station. At that time the second line 
was detectable about 80 miles to the northeast , while 
the third line had apparently dissipated. However, it 
appeared that this line regenerated an hour or two 
later to the north of the station and merged in the 
region of heavy rainfall with the fourth l ine. The 
fourth line moved northward at 20 to 25 knots com-
pared to about 15 knots for the earl ier l ines. 
By 1500 CST (Fig. 19) the merger of the third and 
fourth lines had been completed40 to 50 miles north 
of the station. The second line was located in ex-
t reme northeastern Illinois, and a fifth line which 
had developed to the south had moved northward to 
the vicinity of the radar station. By 1900 CST (Fig. 
19) the ser ies of northward-moving lines had ceased, 
and one large W-E squall zone was associated with 
the warm front which was moving northward with 
the approaching low center from the southwest. At 
that time the radar (Fig. 19) was detecting a squall 
line in eastern Missouri associated with the cold 
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front out of the low c e n t e r . By 2200 CST (Fig . 19) 
the squa l l l i nes or zones a s s o c i a t e d with the w a r m 
and cold fronts out of the low c e n t e r w e r e wel l 
defined ove r I l l i no i s . 
S u m m a r y 
An unusua l ly in tense Apri l r a i n s t o r m o c c u r r e d 
over n o r t h c e n t r a l a n d n o r t h e a s t e r n I l l inois o n 
April 2 6 - 2 8 , 1959. Amounts of 4 to 6 inches w e r e 
r e c o r d e d in 36 h o u r s , while 6-hour amounts in e x -
c e s s of 3 inches and 3-hour amoun t s of 2 to 3 inches 
o c c u r r e d in some a r e a s . Most of the s t o r m ra in fa l l 
o c c u r r e d in t h r e e d i s t inc t s t o r m s within a p e r i o d of 
48 h o u r s . The f i rs t two s t o r m s w e r e a s s o c i a t e d 
with a q u a s i - s t a t i o n a r y front through c e n t r a l I l l inois , 
whi le the t h i rd o c c u r r e d in conjunction with w a r m 
and cold f ronta l ac t iv i ty , a s s o c i a t e d with the a p -
p r o a c h and p a s s a g e of a low p r e s s u r e c e n t e r which 
fo rmed on the q u a s i - s t a t i o n a r y front in K a n s a s . The 
s t o r m was of g r e a t a r e a l extent with a v e r a g e r a i n -
fall of 2.45 inches ove r 20,000 s q u a r e m i l e s in 
I l l i no i s . Amounts of 3 to 4 inches w e r e r e c o r d e d in 
e a s t e r n Iowa and a band with amounts of 3 to 5 
inches extended a c r o s s c e n t r a l Indiana. 
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Figure 12. Total storm rainfall for April 26-28, 1959 
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Figure 13. Mass curves of rainfall from selected stations for April 26-28, 1959 
Figure 14. Total rainfall for April 21-25, 1959 Figure 15. Total rainfall for April 16-25, 1959 
Figure 16. Surface synoptic maps for April 26-28, 1959 
Figure 17. Upper air maps for 1800 CST, April 26, 1959 
Figure 18. Upper air maps for 1800 CST, April 27, 1959 
Figure 19. Radar echoes on April 27, 1959 
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STORM OF MAY 20-21, 1959 
During the evening of May 20, 1959, a severe 
ra instorm occurred over portions of eastern and 
northeastern Illinois in which very heavy short-
period amounts were recorded. Rainfall amounts 
which exceeded 4 inches within 3 hours were r e -
corded at several locations along the axis of the 
s torm. Near Kankakee in northeastern Illinois, 6-
hour amounts of approximately 6 inches were ob-
served. An area of approximately 225 square miles 
received 6-hour amounts in excess of 4 inches. The 
s torm axis was oriented NNE-SSW and extended 
from the vicinity of Crete in northeastern Illinois to 
Champaign-Urbana in the east central part of the 
state. Lighter showers which occurred ear l ier on 
the 20th and in the early forenoon of the 21st com-
bined with the major storm to produce 24-hour 
amounts exceeding 5 inches in the vicinity of Cham-
paign-Urbana and Paxton and 7 inches near Kanka-
kee (Fig. 20). 
A detailed field survey of the storm was con-
ducted by personnel of the State Water Survey with 
emphasis placed upon obtaining observations within 
and near the core of the s torm. A total of 202 ob-
servations were o b t a i n e d on this field survey. 
Additional data from 16 raingages operated by the 
Water Survey and 17 raingages operated by the U. S. 
Weather Bureau in the storm region provided 235 
rainfall observations for defining isohyetal pat terns . 
Radar observations of the storm provided valuable 
data on the storm character is t ics in both the hor i -
zontal and vert ical planes. A portion of the most 
intense region of this storm passed over an urban 
network of 14 raingages in Champaign-Urbana. This 
network, which contains 10 recording and 4 non-
recording gages in a 10-square-mile a rea , provided 
unusually detailed information on the space and 
time distribution of rainfall over the urban area . 
Isohyetal Patterns 
An isohyetal map for the entire storm period is 
presented in Figure 20. All of the s torm rainfall 
occurred within the 24-hour period ending at 0800 
CST on May 21. Reference to Figure 20 shows three 
rainfall centers along the storm axis in the vicinity 
of Champaign-Urbana, Paxton, and Kankakee. Ap-
proximately 95 percent of the rainfall in these cen-
te rs occurred during the evening storm of May 20. 
Figure 21 shows the total storm isohyetal pattern 
for Champaign-Urbana and vicinity in greater detail. 
Figure 22 shows the isohyetal pattern during the 
maximum 3-hour rainfall period in Champaign -
Urbana and vicinity, while Figure 23 shows the 
rainfall patterns in the Champaign-Urbana urban 
area during the maximum 30-minute, 1-hour, 2-hour, 
and 3-hour rainfall periods. These approximations 
of the isohyetal patterns during various peak periods 
of the storm were obtained through use of lsoper-
centile maps constructed from recording gage data. 
The portion of the storm zone analyzed for each 
peak period was dictated by the recording gage 
density within the storm zone. The detailed analysis 
for the urban area of Champaign-Urbana was made 
possible by the network of 10 recording gages. 
Probability Analysis 
To further evaluate the intensity and variability 
in the storm of May 20, the maps in Figures 24 and 
2 5 were prepared. Figure 24 shows the average 
recurrence interval of the maximum 3-hour rainfall 
amounts observed in Champaign-Urbana and vicinity. 
The lines on this map connect points having equal 
recurrence intervals, based upon published rainfall 
frequency relations.6 Thus, the 50-year line con-
nects points whose 3-hour rainfall was of the magni-
tude to be expected once in 50 years at these points; 
therefore, the 50-year line also encloses the a rea 
which experienced rainfall amounts that should not 
be exceeded more than once in an average 50-year 
period. Figure 25 was prepared in the same man-
ner , and shows relations in the Champaign-Urbana 
urban area , based upon maximum rainfall amounts 
recorded during periods of 30 minutes to 3 hours in 
the s torm. Referring to Figure 25, it is seen that 
3-hour amounts equalling or exceeding those to be 
expected once in 100 years were recorded in west 
Champaign, while in east Urbana amounts dropped 
below the 1-year expectancy. Amounts exceeding 4 
inches within 3 hours were recorded in west Cham-
paign during the evening of May 20, while less than 
an inch was recorded on the east side of Urbana, 3 
to 4 miles from the Champaign storm center(Fig. 
23). Although the r e l a t i v e intensity and spatial 
variability were considerably less for the 30-minute 
and 1-hour maximum amounts than for the 2-hour 
and 3-hour values (Fig. 25), the variation was still 
quite great for these periods with values of r ecu r -
rence interval ranging from 25 and 50 years to less 
than 1 year . Table 4 shows the percent of the 10-
square-mile urban area e x p e r i e n c i n g rainfall 
amounts equalling or exceeding various recur rence-
interval values for durations of 30 minutes to 24 
hours. For example, 16 percent or 1.6 square 
miles of the total urban area received 3-hour ra in-
fall amounts equalling or exceeding the amount to be 
expected on an average of once in 50 years . The 6-
inch amounts which fell in 6 hours in the Kankakee 
region exceed the 100-year frequency of point ra in-
fall in this region. Three-hour amounts of approx-
imately 4 inches which occurred in the Kankakee 
region correspond to 75- to 100-year expectancies. 
Table 5 shows the amount of area in the entire 
storm zone which experienced 6-hour and 24-hour 
rainfall that equalled or exceeded values expected 
for various recurrence intervals . 
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TABLE 4 
RECURRENCE INTERVAL OF RAINFALL AMOUNTS OCCURRING 
IN URBAN AREA, MAY 2 0 - 2 1 , 1959 
P e r c e n t o f l O - s q . - m i . a r e a expe r i enc ing 
R e c u r r e n c e 
given f r equency va lues for v a r i o u s d u r a t i o n s 
In t e rva l 
(yea r s ) 0 . 5 - h r . 1-hr. 2 - h r . 3 -h r . 6 -h r . 12 -h r . 2 4 - h r . 
2 47 70 77 77 71 67 56 
5 20 55 64 61 54 46 30 
10 6 36 51 46 39 25 11 
25 0 16 33 29 19 0 0 
50 0 0 11 16 0 0 0 
100 0 0 3 5 0 0 0 
T A B L E 5 
RECURRENCE INTERVAL OF MAXIMUM RAINFALL AMOUNTS, 
ENTIRE STORM ZONE, MAY 2 0 - 2 1 , 1959 
A r e a (sq. mi . ) with ra infa l l equal l ing or exceeding 
Dura t ion g iven r e c u r r e n c e - i n t e r v a l va lue (y r s . ) 
(hours) 2 5 10 25 50 100 
6 1050 720 500 280 135 60 
24 830 450 240 75 30 
C h a r a c t e r i s t i c s of Rainfal l Dis t r ibu t ion 
M a s s ra infa l l c u r v e s c o n s t r u c t e d from r e c o r d i n g 
gage s t a t ions along or n e a r the co re of the s t o r m 
a r e shown in F i g u r e 26. Stat ion loca t ions a r e shown 
in F i g u r e s 20 and 2 1 . These m a s s c u r v e s show the 
typ ica l c h a r a c t e r i s t i c s of the t h u n d e r s t o r m or f lash 
flood r a i n s , cons i s t i ng of a n u m b e r of b u r s t s or in -
div idual s h o w e r s du r ing the to ta l s t o r m pe r iod . The 
m o s t s h o w e r s and the longes t pe r iod of ra infa l l a r e 
ind ica ted by the Kankakee c u r v e with five d i s t i nc t 
b u r s t s between 1600 and 2200 CST, and th is c u r v e is 
r e p r e s e n t a t i v e of the r eg ion in which tota l s t o r m 
ra infa l l was g r e a t e s t . In the Champaign s t o r m c e n -
t e r , t h r e e - d i s t i n c t b u r s t s a r e ind ica ted be tween 1700 
and 2100 CST, while two b u r s t s a r e indica ted by the 
o the r two c u r v e s which r e p r e s e n t a r e a s with l e s s 
to t a l s t o r m ra in fa l l . 
D e p t h - D u r a t i o n - A r e a Re la t ions 
Tab les 6-8 show a r e a - d e p t h r e l a t i o n s for the 
to t a l s t o r m pe r iod and for peak p e r i o d s of 30 m i n -
utes to 12 h o u r s within v a r i o u s r eg ions of the s t o r m . 
As ind ica ted e a r l i e r , the r e g i o n s within which s a t i s -
fac tory e s t i m a t e s could be m a d e for i n c r e m e n t a l 
p e r i o d s of the s t o r m w e r e d ic t a t ed by the r e c o r d i n g 
gage dens i t y . 
T A B L E 6 
DEPTH-DURATION-AREA DATA, 
URBAN AREA, MAY 2 0 - 2 1 , 1959 
Depth (in.) for given a r e a (sq . mi . ) 
Dura t ion 
(hours) 0.1 0.2 0.5 1.0 1.5 2.0 3.0 4.0 6.0 8.0 10.0 
0.5 1.78 1.74 1.66 1.57 1.50 1.44 1.35 1.26 1.12 1.01 0.91 
1.0 3.08 3.02 2.89 2.75 2.64 2.55 2.40 2.27 2.05 1.87 1.69 
2.0 4.25 4.16 3.98 3.77 3.62 3.48 3.25 3.05 2.74 2.47 2.22 
3.0 4.66 4.55 4.35 4.13 3.97 3.76 3.57 3.36 3.00 2.72 2.45 
6.0 4.67 4.57 4.38 4.17 4.02 3.84 3.65 3.45 3.11 2.85 2.60 
12.0 4.72 4.63 4.45 4.25 4.10 3.92 3.75 3.55 3.23 2.98 2.75 
24.0 4 .88 4.81 4.62 4.41 4.26 4.07 3.91 3.69 3.37 3.10 2.87 
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T A B L E 7 
D E P T H - D U R A T I O N - A R E A DATA, 
CHAMPAIGN-URBANA AND VICINITY, MAY 2 0 - 2 1 , 1959 
Depth (in.) for g iven a r e a (sq. m i . ) Dura t ion 
(hours) 1 2 5 10 25 50 100 150 200 
3 4.82 4.72 4.55 4.38 4.00 3.58 2.99 2.52 2.15 
6 4.89 4.79 4.61 4.45 4.09 3.67 3.09 2.63 2.30 
24 5.42 5.26 4.98 4.70 4.23 3.75 3.15 2.73 2 40 
T A B L E 8 
D E P T H - D U R A T I O N - A R E A DATA, 
E N T I R E STORM ZONE, MAY 2 0 - 2 1 , 1959 
Depth (in.) for g iven a r e a (sq. m i . ) 
Dura t ion 
(hours) 10 25 50 100 200 500 1000 1500 2000 
6 7.0 6.6 6.1 5.6 5.0 4.0 3.2 2.7 2.3 
24 7.2 6.8 6.3 5.8 5.3 4.3 3.4 2.9 2.6 
Anteceden t Rainfa l l 
To ta l r a in fa l l for the 5-day and 10-day p e r i o d s 
p r i o r to the May 20 s t o r m a r e ind ica ted on the i s o -
hye t a l m a p s of F i g u r e s 27 and 28. N o r m a l 5 -day 
and 10-day a m o u n t s in th is r eg ion a r e a p p r o x i m a t e l y 
0.65 inch and 1.30 i n c h e s , r e s p e c t i v e l y . F i g u r e 27 
shows below n o r m a l a m o u n t s in the r eg ion f rom 
C h a m p a i g n - U r b a n a to Kankakee for the 5 days p r i o r 
to the s t o r m with n e a r n o r m a l a m o u n t s n o r t h of 
Kankakee . Amounts for 10 days p r e c e d i n g the s t o r m 
w e r e somewha t above n o r m a l in the C h a m p a i g n -
Urbana r e g i o n , n e a r n o r m a l in the Kankakee a r e a , 
and below n o r m a l for a c o n s i d e r a b l e por t ion of the 
a r e a be tween Kankakee and C h a m p a i g n - U r b a n a , 
a long the s t o r m a x i s . 
Synoptic Weather 
The su r f ace synopt ic wea the r m a p for 1800 CST 
on May 20, n e a r the s t a r t of the s t o r m , ind ica ted a 
r e l a t i v e l y s t r o n g flow of m o i s t , m a r i t i m e t r o p i c a l 
a i r into I l l inois (F ig . 29). A q u a s i - s t a t i o n a r y f ront 
ex tended w e s t w a r d a c r o s s c e n t r a l Wiscons in , then 
s o u t h w e s t w a r d th rough n o r t h w e s t e r n Iowa, s o u t h -
e a s t e r n N e b r a s k a , and c e n t r a l Kansa s to a wave in 
n o r t h e a s t e r n New Mexico . Dew point t e m p e r a t u r e s 
r a n g e d f rom n e a r 7 0 ° F i n e a s t e r n I l l i no i s , w h e r e t h e 
s e v e r e r a i n s t o r m o c c u r r e d , t o a p p r o x i m a t e l y 6 0 ° F 
in the e x t r e m e n o r t h w e s t e r n p a r t o f the s t a t e . Ai r 
t e m p e r a t u r e s w e r e in the low 70 ' s in the e a s t e r n 
I l l ino i s s t o r m zone a t 1800 CST, whi le in a r e a s of 
l e s s c loud iness to the south and wes t they i n c r e a s e d 
to 75 to 80 d e g r e e s . Air and dew point t e m p e r a t u r e s 
i nd i ca t ed n e a r l y s a t u r a t e d condi t ions a t the s u r f a c e 
in the s t o r m zone wi th r e l a t i ve humid i ty exceeding 
90 p e r c e n t jus t p r i o r to the s t a r t of the s t o r m , while 
a few m i l e s to the w e s t and n o r t h w e s t r e l a t i v e l y d r y 
a i r ex i s t ed with r e l a t i v e humidi ty of a p p r o x i m a t e l y 
65 to 70 p e r c e n t . A s l igh t i n v e r t e d t r o u g h is evident 
in the i s o b a r i c p a t t e r n in the s t o r m r e g i o n of e a s t -
e r n I l l inois in F i g u r e 29, ind ica t ive of c o n v e r g e n c e 
in th is a r e a . 
The 8 5 0 - m b c h a r t for 1800 CST on May 20 ind i -
ca t ed s o u t h e r l y flow of m a r i t i m e t r o p i c a l a i r into 
I l l ino is and a t r o u g h r eg ion c e n t e r e d o v e r the e a s t -
e r n and c e n t r a l p a r t s of the s ta te (Fig . 30). The 
s o u t h e r l y flow was about 15 knots c o m p a r e d to 20 to 
30 knots 12 hou r s e a r l i e r . A flat dew point r idge 
ex i s t ed ove r the Midwes t with va lues n e a r 10°C in 
the s t o r m r eg ion . Not much change had o c c u r r e d 
dur ing the p r ev ious 12 h o u r s . 
The 7 0 0 - m b c h a r t showed a t rough over e a s t e r n 
I l l inois at 1800 CST (Fig. 31). The s t o r m reg ion 
was wi thin a dew point r idge with a r e l a t i v e l y r ap id 
d e c r e a s e over the s t a t e to the wes t of the t rough , 
which ind ica t e s a s e p a r a t i o n of r e l a t i v e l y m o i s t and 
d r y a i r on a N - S l ine th rough I l l ino i s , often r e f e r r e d 
to as a dew point f ront . The dew point f ront had 
p e r s i s t e d with l i t t le m o v e m e n t in the p r e c e d i n g 12 
h o u r s , but the t r o u g h was not a p p a r e n t on the m a p 
for 0600 CST. Twelve hou r s l a t e r (0600 C S T / M a y 21) 
the t r o u g h and dew point f ront had m o v e d e a s t w a r d 
to c e n t r a l Indiana. The t rough a r e a in F i g u r e 31 
a l s o was an a r e a o f s l ight ly lower t e m p e r a t u r e s 
than the su r round ing reg ion , and con ta ined a i r n e a r 
s a t u r a t i o n and m u c h m o r e humid than the a i r t o the 
w e s t . Wind speeds w e r e 15 to 20 knots i m m e d i a t e l y 
to the r e a r of the t r o u g h and 20 to 25 kno t s in ad -
v a n c e of i t . 
At the 5 0 0 - m b leve l (Fig. 32) a t rough extended 
sou thward th rough e a s t e r n I l l ino is . The s t o r m 
r e g i o n was in an a r e a of r e l a t i v e l y s t rong dew point 
g r a d i e n t and was lying wes t of a dew point r i d g e 
c e n t e r e d n e a r the Indiana-Ohio b o r d e r . Li t t le v a r -
ia t ion i n a i r t e m p e r a t u r e ex i s t ed a c r o s s I l l ino i s , 
v a l u e s r ang ing f rom about -10°C in the e a s t e r n to 
-12°C in the w e s t e r n p a r t of the s t a t e . Wind s p e e d s 
w e r e 10 to 20 knots wes t of the t rough and 20 to 30 
kno t s e a s t of i t in the I l l inois r eg ion . 
The 3 0 0 - m b c h a r t i nd ica t ed s o u t h w e s t e r l y flow 
o v e r I l l inois (Fig. 33). Wind speeds w e r e 20 to 30 
k n o t s . D i v e r g e n c e was indica ted over the n o r t h e r n 
p a r t of the s t a t e a t th i s l eve l . T h e r e was no ev idence 
of a je t s t r e a m in the I l l inois r eg ion . 
Winds aloft m a p s for 1200 CST on May 20, a few 
h o u r s p r i o r t o the e a s t e r n I l l inois s t o r m , ind ica ted 
a t rough o r i e n t e d a p p r o x i m a t e l y N - S through e x -
t r e m e e a s t e r n Iowa a t the 5000-foot l eve l . Th i s 
t rough a p p a r e n t l y c o r r e s p o n d e d with a squal l l ine 
which moved e a s t w a r d th rough n o r t h e r n I l l inois 
du r ing the a f te rnoon and was i n s t r u m e n t a l in p r o -
ducing the heavy ra in fa l l in the Kankakee a r e a (F ig . 
20). T r o u g h s w e r e d i s c e r n i b l e at 10,000 feet and 
18,000 feet over e a s t e r n I l l ino i s , and t he i r loca t ion 
and o r i en ta t ion c o r r e s p o n d e d c lo se ly with a n e a r l y 
s t a t i o n a r y squa l l zone which p e r s i s t e d over e a s t e r n 
and n o r t h e a s t e r n I l l inois and w e s t e r n Indiana dur ing 
the af ternoon and evening, a c c o r d i n g to the C P S - 9 
r a d a r d i sp lay . T h e s e t roughs r e m a i n e d n e a r l y s t a -
t i o n a r y f rom noon to 1800 CST, and a r e the s a m e 
ones d e s c r i b e d e a r l i e r in the d i s c u s s i o n of cond i -
t ions a t 700 mb and 500 mb The heavy r a i n s t o r m s 
dur ing the la te af ternoon and evening in e a s t e r n 
I l l inois o c c u r r e d in this squal l zone , but in a r eg ion 
within the zone w h e r e l i t t l e ra in fa l l had o c c u r r e d 
p r e v i o u s l y . 
The p r e c i p i t a b l e wa te r m a p for the l aye r f rom 
the sur face to 400 mb is shown for 1800 CST on the 
20th in F i g u r e 34. A p p r o x i m a t e l y 1.7 to 1.8 inches 
o f p r e c i p i t a b l e wa te r a r e ind ica ted over e a s t e r n 
I l l inois a t tha t t i m e . N o r m a l p r e c i p i t a b l e w a t e r in 
the s t o r m r e g i o n on May 20 is a p p r o x i m a t e l y 1 inch . 
S t rong advec t ion of m o i s t u r e f rom the south and 
s o u t h e a s t had o c c u r r e d dur ing the day. The s t o r m 
reg ion was lying on the n o r t h w e s t s ide and n e a r the 
c o r e o f p r e c i p i t a b l e w a t e r . Rapid d e c r e a s e in p r e -
c ip i table w a t e r o c c u r r e d to the no r thwes t of the 
c o r e . 
The Showal te r s t ab i l i ty index was a p p r o x i m a t e l y 
+3 in e a s t e r n I l l inois and w e s t e r n Indiana a t the s t a r t 
of the heavy s t o r m . Twelve hou r s before the s t o r m , 
RAOB data ind ica ted an index of 0. At 0600 CST on 
the 21st it was + 3 . 
R a d a r Ana lys i s 
At 0730 CST, May 20, the C P S - 9 r a d a r showed 
echo ac t iv i ty extending a p p r o x i m a t e l y 200 m i l e s 
sou thward f rom the r a d a r s ta t ion . The echo m a s s 
cons i s t ed e s s e n t i a l l y of a s e r i e s of bands o r i en t ed 
a p p r o x i m a t e l y W-E . As the forenoon p r o g r e s s e d , 
t h e s e bands moved n o r t h w a r d and ro ta ted c o u n t e r -
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c lockwise to s o m e extent . Th i s ro ta t ion p roduced a 
s p i r a l band a r r a n g e m e n t of the e c h o e s . As the 
bands p a s s e d the s ta t ion , they extended from 25 to 
50 m i l e s w e s t to 150 to 200 m i l e s e a s t , a l eng th of 
a p p r o x i m a t e l y 200 m i l e s . The m o v e m e n t of one of 
the bands p a s t the r a d a r s t a t ion i s i l l u s t r a t e d in 
F i g u r e 35 at 0857 CST. The next band to the south 
i s not d i sp layed a c c u r a t e l y due to p r ec ip i t a t i on a t -
tenua t ion at the s ta t ion at tha t t ime a s s o c i a t e d with 
the p a s s a g e of the o the r band. An e a r l i e r band, a l s o 
affected by a t t enua t ion , can be seen to the n o r t h of 
the s t a t ion o r i en t ed ENE-WSW in the L A F - R A N 
reg ion . The m o v e m e n t of the bands was in g e n e r a l 
a g r e e m e n t with the flow p a t t e r n at the 7 0 0 - m b and 
5 0 0 - m b l e v e l s a t tha t t i m e . The c o u n t e r c l o c k w i s e 
mot ion of the bands was induced a p p a r e n t l y by the 
m o r e r ap id m o v e m e n t of the e a s t e r n po r t i on of the 
bands , which w e r e under the inf luence of winds a p -
p r o x i m a t e l y 10 knots s t r o n g e r than those s t e e r i n g 
the w e s t e r n po r t i on of the bands at the upper l e v e l s . 
Light s h o w e r s o c c u r r e d with the bands as they 
p a s s e d the r a d a r s ta t ion . The echoes a p p e a r e d r e l -
a t ive ly weak on the C P S - 9 scope d i sp lay , and tops of 
only 15,000 to 20,000 feet w e r e ind ica ted by a v e r t i -
cal scanning T P S - 1 0 r a d a r . The bands a p p e a r e d to 
d i s s i p a t e as they r e a c h e d n o r t h e a s t e r n I l l ino i s , and 
by noon the bands w e r e no longer ident i f iable on the 
r a d a r . 
A squa l l l ine or zone which exhibi ted l i t t l e m o v e -
m e n t was o b s e r v e d over e a s t e r n Iowa throughout the 
forenoon of May 20 by the C P S - 9 . About 1300 CST 
th is l ine (Fig . 35) s t a r t e d moving e a s t w a r d at a 
speed of a p p r o x i m a t e l y 25 k n o t s . About noon, a f te r 
the n o r t h w a r d - m o v i n g bands had ap p a ren t l y d i s -
s ipa t ed , the deve lopmen t of an ins tab i l i ty zone was 
ind ica ted ove r e a s t e r n I l l inois and w e s t e r n Indiana 
by echo ac t iv i ty p o r t r a y e d on the C P S - 9 . This zone , 
which was o r i en t ed NNE-SSW, is shown in F i g u r e 35 
at 1303 CST. As the af ternoon p r o g r e s s e d , l i n e s 
and g r o u p s of echoes a p p e a r e d to develop in th i s i n -
s t ab i l i t y zone , moving e a s t w a r d and n o r t h e a s t w a r d 
a c r o s s Indiana. The heav ie s t ra infa l l p r i o r to the 
I l l inois s t o r m o c c u r r e d ove r w e s t e r n Indiana a s 
s h o w e r s moved out of the deve lopmen t zone The 
o r ig ina l i n s t ab i l i t y zone, loca ted on a l ine f rom 
Chicago to Vandal ia , was the r eg ion within which the 
s e v e r e r a i n s t o r m s took p lace d u r i n g the e a r l y 
evening . F i g u r e 3 5 at 1703 s h o w s by di f ferent 
shading of the echoes the o r ig ina l ins tab i l i ty zone , 
an a r e a of echoes over s o u t h w e s t e r n to c e n t r a l In-
d iana , which moved out of the o r ig ina l i n s t ab i l i t y 
zone; and the Iowa squal l l i ne , d i s c u s s e d e a r l i e r , 
moving t oward the e a s t e r n I l l inois in s t ab i l i t y zone . 
The s t o r m in the C h a m p a i g n - U r b a n a r e g i o n , 
which p roduced amoun t s in e x c e s s of 4 inches in 
l e s s than 3 h o u r s a t i t s c e n t e r , a p p e a r e d to develop 
in the in s t ab i l i t y zone about 10 to 15 m i l e s south of 
i t s eventua l m a x i m i z a t i o n a r e a and moved NNE, 
acco rd ing to C P S - 9 o b s e r v a t i o n s . During m o s t of 
the heavy ra in fa l l pe r iod in the Champaign a r e a , 
s e v e r e p r ec ip i t a t i on a t tenuat ion p r even t ed r a d a r 
o b s e r v a t i o n of the s t o r m b e h a v i o r . Radar m e a s u r e -
m e n t s of echo tops , dur ing a s h o r t lull in the s t o r m 
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when a t t enua t ion of the r a d a r b e a m was not s e v e r e , 
i nd i ca t ed echo tops had r e a c h e d the 40 ,000-foot 
l e v e l in "the C h a m p a i g n a r e a . 
Max imum s t o r m amoun t s w e r e r e c o r d e d in the 
Kankakee reg ion which e x p e r i e n c e d two heavy s t o r m 
p e r i o d s . Rada r o b s e r v a t i o n s ind ica ted the second 
p e r i o d , which began about 2030 C S T , was a s s o c i a t e d 
with a squal l l ine which moved into the o r ig ina l i n -
s t ab i l i t y zone f rom the wes t and in tens i f ied when 
the m e r g e r took p l a c e . This squa l l l ine was the 
s a m e one d i s c u s s e d e a r l i e r and shown in F i g u r e 35 
at 1303 and 1703 as i t moved e a s t w a r d f rom Iowa 
th rough n o r t h e r n I l l ino i s . F i g u r e 35 at 2100 CST 
shows the C P S - 9 p r e s e n t a t i o n af ter the squa l l l ine 
had m o v e d into the o r ig ina l i n s t ab i l i t y zone . E l s e -
w h e r e a t this t i m e , t h e s t o r m a p p e a r e d to be d i s s i -
pa t ing as the a r e a l extent of r a d a r echoes was 
d e c r e a s i n g . 
The o r ig ina l i n s t ab i l i t y zone was s t i l l in e x i s -
t e n c e on a l ine f rom Chicago to Champa ign when 
r a d a r o p e r a t i o n s w e r e suspended a t 2115 CST. When 
o p e r a t i o n s w e r e r e s u m e d a t 0730 CST the next day , 
the i n s t ab i l i t y zone was no longer in e x i s t e n c e along 
i t s o r i g i n a l l i ne , but a squal l l ine was p r e s e n t ove r 
e a s t e r n Indiana. Th i s squal l l ine a p p e a r e d to be 
a s s o c i a t e d with the q u a s i - s t a t i o n a r y t rough aloft of 
the p r e v i o u s day which had moved to c e n t r a l Indiana 
b y 0600 CST a c c o r d i n g t o RAOB o b s e r v a t i o n s . 
Hour ly ra in fa l l du r ing the l a t t e r p a r t of the night 
was too l ight and s c a t t e r e d to p o r t r a y a c c u r a t e l y the 
squa l l l ine m o v e m e n t dur ing this p e r i o d . 
Rainfa l l -Runoff Re la t ions 
A r e c o r d i n g s t r e a m g a g e is o p e r a t e d by the U. S. 
Geo log ica l Survey which m e a s u r e s runoff f rom the 
B o n e y a r d C r e e k w a t e r s h e d in Champa ign n e a r the 
c e n t e r of the C h a m p a i g n - U r b a n a u r b a n a r e a (F ig . 
21) . The a r e a of the d r a inage b a s i n shown in F i g . 
21 i s 4 .64 s q u a r e m i l e s . Approx ima te ly 38 p e r c e n t 
o f this a r e a has i m p e r v i o u s s u r f a c e s . 
An a p p r o x i m a t i o n of the amount of the May 20-21 
s t o r m ra in fa l l d i s c h a r g e d a s s t r e a m f l o w a t th i s 
s t r e a m g a g e was computed f rom the d i s c h a r g e r e -
c o r d e d in the May 20-27 p e r i o d . The c r e e k d i s -
c h a r g e c l o s e l y a p p r o x i m a t e d b a s e flow by May 27 . 
Th i s computa t ion r e v e a l e d tha t the amount of s t o r m 
runoff was equ iva len t to an a v e r a g e depth of 1.80 
inches of w a t e r o v e r the 4 . 6 4 - s q u a r e - m i l e a r e a . 
The a v e r a g e s t o r m ra in fa l l depth for th i s s a m e a r e a 
was 3.33 i n c h e s . T h e r e f o r e , 54 p e r c e n t of the 
s t o r m ra infa l l was d i s c h a r g e d as runoff. One l ight 
r a i n s h o w e r o c c u r r e d in the pe r i od a f t e r the s t o r m 
and before the 28th, but the r e su l t i ng ra in fa l l had no 
a p p r e c i a b l e effect on the ca lcu la t ions of the May 20-
2 1 s t o r m runoff. 
The h y d r o g r a p h for the c r e e k is shown in F i g u r e 
36. The s t o r m runoff was quite r a p i d as the peak 
da i l y d i s c h a r g e o c c u r r e d on the 20th. Th i s ind ica ted 
the m a x i m u m runoff o c c u r r e d dur ing and within the 
2 h o u r s a f te r the heavy ra infa l l ended . The g r e a t e s t 
i n s t a n t a n e o u s d i s c h a r g e from the s t o r m was 440 
s e c o n d - f e e t which o c c u r r e d a t 2000 C S T , May 20. 
T h i r t y - t h r e e p e r c e n t of the to ta l s t o r m runoff was 
d i s c h a r g e d by midn igh t on May 20, and by 2400 CST 
on May 22, 82 p e r c e n t of the s t o r m runoff had been 
d i s c h a r g e d . 
S u m m a r y 
During the evening of May 20, 1959, a s e v e r e 
r a i n s t o r m o c c u r r e d over e a s t e r n and n o r t h e a s t e r n 
I l l ino is in which 2 -hou r to 6 -hour amoun t s e x -
ceed ing the 1 0 0 -y ea r f requency of point ra in fa l l 
w e r e r e c o r d e d a t s e v e r a l loca t ions along the s t o r m 
a x i s , while a m o u n t s exceeding 2 5 - y e a r expec t anc i e s 
w e r e o b s e r v e d for 30 -minu te to 2 -hour p e r i o d s . 
Unusual ly de t a i l ed in fo rmat ion on the space and 
t i m e d i s t r i b u t i o n of r a in fa l l over an u rban a r e a was 
p rov ided by a n e t w o r k of 10 r e c o r d i n g r a i n g a g e s in 
C h a m p a i g n - U r b a n a , which e n c o m p a s s e s 10 s q u a r e 
m i l e s and was lying along the s t o r m a x i s . E x t r e m e 
v a r i a b i l i t y was found within the u r b a n a r e a , with 
a m o u n t s equ iva len t to 100 -yea r e x p e c t a n c i e s for 2-
h o u r to 3 -hour p e r i o d s dropping to below 1-year 
f r equenc i e s wi thin 3 to 4 m i l e s . 
The s t o r m deve loped in a q u a s i - s t a t i o n a r y i n -
s t ab i l i t y zone suppor ted by an u p p e r - l e v e l t rough 
and an inflow of a b n o r m a l l y m o i s t a i r . The s e v e r e 
r a i n s t o r m a p p e a r e d to be aided in i t s deve lopment 
by d iu rna l h e a t i n g , s i nce i t in i t i a ted s h o r t l y af ter 
the pe r iod o f m a x i m u m s o l a r h e a t i n g . The s t o r m 
r e g i o n a l so c o r r e s p o n d e d c lo se ly with a 7 0 0 - m b 
dew point f ront . The s t o r m o c c u r r e d n e a r the 
b o u n d a r y s e p a r a t i n g a c loudy, humid , and r a i n y a r e a 
f rom a l e s s c loudy , h o t t e r , and l e s s humid reg ion to 
the wes t , wi th l i t t l e or no r a in fa l l , a s e p a r a t i o n 
which has b e e n noted f requent ly in o the r s e v e r e 
r a i n s t o r m s in I l l i no i s . The r eg ion of h e a v i e s t r a i n -
fall nea r Kankakee was the r e s u l t of the m e r g e r of 
a squal l l ine moving f rom the wes t wi th the q u a s i -
s t a t i o n a r y i n s t a b i l i t y zone in e a s t e r n I l l inois dur ing 
l a t e evening . After th i s m e r g e r , the en t i r e s t o r m 
s y s t e m moved e a s t w a r d and d e c r e a s e d in in tens i ty . 
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Figure 20. Total storm rainfall for May 20-21, 1959 
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Figure 21. Total storm rainfall for Champaign-Urbana and vicinity, May 20-21, 1959 
Figure 22. Maximum 3-hour rainfall amounts in storm of May 20, 1959 
a. MAXIMUM 30-MINUTE RAINFALL b. MAXIMUM 1-HOUR RAINFALL 
c. MAXIMUM 2-HOUR RAINFALL d. MAXIMUM 3-HOUR RAINFALL 
Figure 23. Urban rainfall distribution on May 20, 1959 
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Figure 24. Average recurrence interval (years) of maximum 3-hour rainfall amounts in storm of May 20, 1959 
a AVERAGE RECURRENCE INTERVAL OF MAXIMUM 
30-MINUTE RAINFALL 
b. AVERAGE RECURRENCE INTERVAL OF MAXIMUM 
1-HOUR RAINFALL 
c. AVERAGE RECURRENCE INTERVAL OF MAXIMUM 
2-HOUR RAINFALL 
d. AVERAGE RECURRENCE INTERVAL OF MAXIMUM 
3-HOUR RAINFALL 
Figure 25. Variability in urban storm intensity on May 20, 1959 
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Figure 26. Mass curves of rainfall from selected stations far May 20, 1959 
Figure 27. Total rainfall for May 15-19, 1959 Figure 28. Total rainfall for May 10-19, 1959 
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Figure 29. Surface synoptic map at 1800 CST on May 20, 1959 
Figure 30. 850-mb map at 1800 CST on May 20, 1959 
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Figure 31 . 700-mb map at 1800 CST an May 20, 1959 
Figure 32. 500-mb map at 1800 CST on May 20, 1959 
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Figure 33. 300-mb map at 1800 CST an May 20, 1959 
Figure 34. Precipitable water for surface to 400 mb at 1800 CST on May 20, 1959 
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Figure 35. Radar echoes on May 20, 1959 
Figure 36. Hydrograph for Boneyard Creek at Urban a 
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STORM OF AUGUST 4 - 6 , 1959 
Dur ing the 65 -hour p e r i o d from 0100 CST on 
August 4 to 1800 CST on August 6, 1959, unusual ly 
heavy ra infa l l was r e c o r d e d over an e x t e n s i v e a r e a 
in n o r t h e r n M i s s o u r i , s o u t h e r n Iowa, w e s t e r n to 
s o u t h e a s t e r n I l l ino i s , s o u t h w e s t e r n Indiana, and 
w e s t e r n Kentucky (Fig . 37). Four d i s t i n c t s t o r m 
p e r i o d s o c c u r r e d dur ing th i s 65 -hour p e r i o d . S ta-
t ions within the c o r e of the s t o r m e x p e r i e n c e d m e a -
s u r a b l e ra in fa l l in 15 to 30 h o u r s of the 65 -hour 
p e r i o d , but m o s t of i t fell within a few h o u r s . F o r 
e x a m p l e , at M o r r i s o n v i l l e , I l l i no i s , 90 p e r c e n t of the 
to t a l ra infa l l fell in 6 of the 16 h o u r s with m e a s u r -
ab le r a i n , while at Downing, M i s s o u r i , 68 p e r c e n t of 
the to ta l o c c u r r e d in 4 of the 30 r a i n y h o u r s . During 
the 65-hour p e r i o d , 48,000 s q u a r e m i l e s had ra in fa l l 
in e x c e s s of 4 i n c h e s , 12,000 s q u a r e m i l e s had ove r 
6 i n c h e s , and 1500 s q u a r e m i l e s e x p e r i e n c e d 
a m o u n t s exceeding 8 i n c h e s . 
I sohye t a l P a t t e r n s 
A to ta l s t o r m i sohye t a l m a p is shown in F i g u r e 
37. Th i s m a p i s b a s e d upon data f rom the c l i m a -
to log ica l ne twork of the U. S. Weather B u r e a u , and 
gages ope ra t ed by o the r o r g a n i z a t i o n s , such as the 
State Water Survey , State Divis ion of W a t e r w a y s , 
and the U. S. Geologica l Survey . No field s u r v e y 
was m a d e of th i s s t o r m . The 2 4 - h o u r a m o u n t s in 
I l l inois were below field s u r v e y r e q u i r e m e n t s and 
the g r e a t a r e a l extent of the s t o r m m a d e a field i n -
v e s t i g a t i o n e x t r e m e l y difficult t o a c c o m p l i s h s a t i s -
f a c t o r i l y with ava i l ab l e p e r s o n n e l . 
R e f e r e n c e to F i g u r e 37 shows that the h e a v i e s t 
a m o u n t s w e r e r e c o r d e d n e a r the M i s s o u r i - I o w a 
b o r d e r and in w e s t e r n and south c e n t r a l I l l inois 
w h e r e amounts of 7 to 9 inches w e r e w i d e s p r e a d . 
F i g u r e 38 shows an i s o h y e t a l m a p for a 14-hour 
s t o r m per iod from 0100 to 1500 CST on August 4. 
F i g u r e 39 shows the i s o h y e t a l p a t t e r n for the 4 8 -
hour pe r iod from 1800 on August 4 to 1800 on 
Augus t 6. Division of the to t a l s t o r m into s m a l l e r 
i n c r e m e n t s was not p o s s i b l e with the ava i l ab le r e -
c o r d i n g gage da t a . F i g u r e s 38 and 39 ind ica t e l i t t l e 
m o v e m e n t of the zone of m a x i m u m ra in fa l l dur ing 
the 3 -day pe r iod . 
C h a r a c t e r i s t i c s of Rainfal l D i s t r ibu t ion 
M a s s ra infal l c u r v e s for s e v e r a l s t a t ions n e a r 
the ax i s of the s t o r m a r e shown in F i g u r e 40. T h e s e 
c u r v e s a r e b a s e d upon h o u r l y ra infa l l amoun t s p u b -
l i s h e d by the U. S. Wea the r B u r e a u . 7 The loca t ion 
of the s ta t ions i s shown in F i g u r e 38 . The c u r v e s 
i nd i ca t e that s e v e r a l s t o r m s o c c u r r e d dur ing the 
6 5 - h o u r ra infa l l p e r i o d . 
The f i r s t s t o r m was in i t i a t ed dur ing the e a r l y 
m o r n i n g of August 4 . Hour ly ra in fa l l da ta ind ica te 
tha t a s t o r m s y s t e m deve loped in n o r t h e r n M i s s o u r i 
and sou the rn Iowa about 0100 CST and p r o p a g a t e d 
e a s t w a r d to w e s t e r n I l l inois by 0400 and to e a s t e r n 
I l l inois by 0900. Another s y s t e m a p p e a r e d to d e -
ve lop over c e n t r a l I l l inois and Indiana about 0100 
CST and drif t sou thward to e x t r e m e s o u t h e r n I l l inois 
and w e s t e r n Kentucky by la te forenoon. 
A second ma jo r s t o r m developed o v e r n o r t h e r n 
M i s s o u r i and s o u t h e r n Iowa dur ing the evening of 
August 4 and p r o p a g a t e d e a s t w a r d and s o u t h e a s t -
w a r d , r each ing w e s t e r n I l l inois by 0400 CST on the 
5th and s o u t h e a s t e r n I l l inois by noon. F i g u r e 40 
shows tha t ove r 6 i n c h e s of r a i n was r e c o r d e d at 
R idgeway , M i s s o u r i , in the 10-hour p e r i o d f rom 2100 
CST on August 4 to 0700 on August 5. The Kentucky 
s t o r m of August 5 , dep ic t ed by the m a s s ra in fa l l 
c u r v e for F o r d s F e r r y (Fig. 40) , a p p e a r e d to d e -
ve lop s e p a r a t e l y f rom the M i s s o u r i - I o w a - I l l i n o i s 
p o r t i o n s of the s t o r m . 
F i g u r e 40 i nd i ca t e s tha t some po r t i ons of the e x -
t e n s i v e s t o r m zone e x p e r i e n c e d a n o t h e r shower 
p e r i o d dur ing the a f t e rnoon of August 5. Another 
m a j o r s t o r m developed ove r n o r t h e r n M i s s o u r i and 
s o u t h e r n Iowa for the t h i r d t ime in 18 h o u r s dur ing 
the evening of August 5 and s p r e a d out in a l l d i r e c -
t ions f rom this a r e a , but with the g r e a t e s t p r o p a g a -
t ion and in t ens i ty to the e a s t and s o u t h e a s t (F ig . 41). 
Th i s s t o r m s y s t e m r e a c h e d w e s t e r n I l l inois b y m i d -
night and s o u t h e r n and s o u t h e a s t e r n I l l inois b y 
e a r l y forenoon. Again, a s e p a r a t e s t o r m s y s t e m 
a p p e a r e d to develop o v e r w e s t e r n Kentucky dur ing 
the e a r l y forenoon of August 6. This p o r t i o n of the 
s t o r m produced ove r 5 inches of r a i n be tween m i d -
night and 0800 CST, Augus t 6, at M o r r i s o n v i l l e in 
sou th c e n t r a l I l l inois (Fig . 40). 
D e p t h - D u r a t i o n - A r e a Rela t ions 
A r e a - d e p t h r e l a t i o n s for the to ta l s t o r m (Fig. 
37) , for the f i r s t s t o r m pe r iod (Fig . 38), and for a 
combina t ion of the r e m a i n i n g s t o r m p e r i o d s (Fig . 
3 9) a r e shown in T a b l e 9 for the en t i r e s t o r m a r e a 
f rom M i s s o u r i and Iowa to I l l inois and w e s t e r n Ken-
tucky . Table 10 shows s i m i l a r r e l a t i o n s for the 
I l l inois por t ion of the s t o r m . Tab le 11 i l l u s t r a t e s 
the r e l a t i v e i n t ens i t y of this s t o r m in I l l ino is by 
showing the a r e a e n c o m p a s s e d by r a in fa l l a m o u n t s 
which equal or exceed those expec ted for s e l e c t e d 
r e c u r r e n c e i n t e r v a l s for s t o r m p e r i o d s of 48 and 72 
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h o u r s , based upon s t u d i e s by Huff and Ne i l l . T h u s , 
an a r e a of 7600 s q u a r e m i l e s r e c e i v e d ra in fa l l 
a m o u n t s equal l ing or exceeding the 4 8 - h o u r r a in fa l l 
expec ted at any given point in th is r e g i o n on an 
a v e r a g e of once in 2 y e a r s , while 11,000 s q u a r e 
m i l e s had amoun t s exceed ing the 2 - y e a r f r equency 
of 72 -hour r a in f a l l . The 2 -day and 3 -day to t a l s 
w e r e the m o s t ou t s tand ing f ea tu re of t h i s s t o r m , 
r a t h e r than s h o r t - p e r i o d o r s ingle s t o r m i n t e n s i t i e s . 
Antecedent Rainfal l 
F i g u r e s 42 and 43 show the to ta l r a in fa l l in I l l i -
no is for p e r i o d s of 5 and 10 days p r e c e d i n g 'the 
August 4 -6 s t o r m . At th i s t ime of the y e a r , t h e n o r -
m a l 5-day and 10-day ra in fa l l i s a p p r o x i m a t e l y 0.55 
inch and 1.10 i n c h e s , r e s p e c t i v e l y , within the s t o r m 
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TABLE 9 
D E P T H - D U R A T I O N - A R E A DATA, ENTIRE STORM ZONE, AUGUST 4 - 6 , 1959 
Depth (in.) for g iven a r e a (sq. m i . ) 
Dura t ion 
(hours) 100 200 500 1000 2000 5000 10,000 20,000 50,000 100,000 
15 5.2 4.8 4.3 3.9 3.5 2.9 2.5 2.0 
48 9.5 8.9 8.1 7.4 6.8 6.0 5.4 4.6 3.3 2.0 
65 9.5 9.2 8.7 8.3 7.7 6.9 6.2 5.3 3.9 2.4 
T A B L E 10 
D E P T H - D U R A T I O N - A R E A DATA, ILLINOIS, AUGUST 4 - 6 , 1959 
Depth (in.) for g iven a r e a (sq. m i . ) 
Dura t ion 
(hours) 100 200 500 1000 2000 5000 10,000 20,000 
10 3.2 3.1 2.9 2.7 2.4 1.9 1.5 
38 7.3   7.1 6.7 6.3 5.7 4.8 3.9 2.9 
62 8.5 8.3 7.8 7.4 6.8 5.8 4.7 3.5 
TABLE 11 
R E C U R R E N C E INTERVAL OF MAXIMUM RAINFALL AMOUNTS, 
ILLINOIS, AUGUST 4 - 6 , 1959 
Area (sq. mi.) with rainfall equalling or 
Duration exceeding given recurrence- interval values (yrs.) 
(hours) 2 5 10 25 50 
48 7,600 4200 2200 500 100 
72 11,000 5400 3000 800 200 
zone in I l l ino is . F i g u r e 42 shows be low n o r m a l 
a m o u n t s in the s t o r m zone for the 5 days p r eced ing 
the s t o r m over m o s t of the s t o r m zone . The 10-day 
m a p (Fig . 43) shows below n o r m a l to n e a r n o r m a l 
a m o u n t s over m o s t o f the s t o r m zone. T h u s , a n t e -
ceden t ra infa l l does not appea r to have been a ,ma jo r 
fac to r in flooding a s s o c i a t e d with this 3-day s t o r m 
p e r i o d . 
Synoptic Weather 
F i g u r e 44 shows the s u r f a c e synopt ic m a p s a t 
s e l e c t e d t i m e s dur ing the 3 -day s t o r m p e r i o d . The 
m a p for 0600 CST, August 4, is r e p r e s e n t a t i v e of 
s u r f a c e condi t ions at the t i m e of the f i r s t m a j o r 
s t o r m in the heavy ra in fa l l zone (F igs . 38 , 40) . The 
r a in fa l l o c c u r r e d in hot , humid a i r to the south of a ' 
w a r m front wi th waves which ex tended a c r o s s n o r t h -
e r n I l l ino is . This w a r m front had moved n o r t h w a r d 
f rom e x t r e m e s o u t h e r n I l l inois dur ing the p r ev ious 
24 h o u r s . Dew point t e m p e r a t u r e s exceeded 7 0 ° F 
th roughout the s t o r m zone , which ex tended th rough 
n o r t h e r n M i s s o u r i , sou the rn Iowa, w e s t e r n and c e n -
t r a l I l l inois to w e s t e r n Kentucky. The m a p for 0600 
CST, August 5, is r e p r e s e n t a t i v e of condi t ions in 
the second m a j o r s t o r m pe r iod over I l l inois and 
adjacent a r e a s . Excep t iona l ly heavy ra in fa l l o c c u r -
r e d in n o r t h e r n M i s s o u r i with th i s s t o r m (Fig. 40) . 
The heavy ra in fa l l zone was loca ted n o r t h of and 
a p p r o x i m a t e l y p a r a l l e l to a w a r m front extending 
ESE from n o r t h e r n M i s s o u r i th rough sou the rn I l l i -
n o i s . Dew point t e m p e r a t u r e s again exceeded 7 0 ° F . 
The t h i rd and four th m a p s i l l u s t r a t e condi t ions 
du r ing the l a s t m a j o r s t o r m of the 3-day p e r i o d in 
which I l l inois r e c e i v e d i t s heav i e s t a m o u n t s . The 
r a in fa l l o c c u r r e d aga in n o r t h of and a p p r o x i m a t e l y 
p a r a l l e l with the w a r m front which r e m a i n e d q u a s i -
s t a t i o n a r y on August 5 -6 . Dew points r e m a i n e d in 
the low 7 0 ' s , and p o s s i b l e wave ac t ion on the w a r m 
front is ind ica ted on the m a p for 0000 CST, August 
6 . Mean a i r t e m p e r a t u r e s dur ing the 3-day s t o r m 
p e r i o d w e r e in the high 70 ' s to low 80 ' s in the s t o r m 
r e g i o n . With d iu rna l cool ing , the d i f fe rences b e -
tween dew point and a i r t e m p e r a t u r e s d e c r e a s e d 2 
to 5 d e g r e e s a t n igh t when the heavy s t o r m s d e -
ve loped ove r I l l inois and M i s s o u r i . The dew point 
g r ad i en t i n s o u t h e r n Wiscons in and Minneso ta r e p -
r e s e n t s the n o r t h e r n edge of the r a i n a r e a dur ing 
August 4 - 6 and r e s u l t e d p r i m a r i l y f rom s t rong d a y -
t i m e evapora t ion in the r a i n a r e a . The q u a s i - s t a -
t i o n a r y front was l oca t ed p r i m a r i l y f rom a n a l y s e s 
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of the r a i n s t o r m c h a r a c t e r i s t i c s and r a d a r echo 
p a t t e r n s . 
F i g u r e 45 shows upper a i r m a p s for 0600 C S T , 
August 4 , dur ing the f i r s t m a j o r s t o r m . S imi l a r 
m a p s a r e shown in F i g u r e 46 for 1800 CST, August 
5, a few h o u r s before deve lopmen t of the s t o r m 
which p roduced the h e a v i e s t r a in fa l l of the 3-day 
p e r i o d in I l l i no i s . F i g u r e 46 shows m i n o r t r o u g h s 
a t 850 mb and 700 mb in the s t o r m r e g i o n o r i e n t e d 
a p p r o x i m a t e l y p a r a l l e l w i t h the su r f ace ra in fa l l 
p a t t e r n . At 500 mb a m i n o r t rough with a NNW-SSE 
o r i e n t a t i o n i s ind ica ted ove r I l l i no i s . Dew point 
r i d g e s a r e p r e s e n t a t 700 mb and 500 mb in the 
s t o r m r eg ion . D ive rgence is ind ica ted by a weak 
r i dge over I l l inois a t the 3 0 0 - m b leve l in F i g u r e 46 . 
F i g u r e 47 shows the p r e c i p i t a b l e w a t e r for the 
l a y e r f rom the su r face to 400 mb at 1800 C S T , 
August 5, p r e c e d i n g the l a s t m a j o r s t o r m of the 
August 4 - 6 pe r i od w h i c h p r o d u c e d the h e a v i e s t r a i n -
fall in I l l ino i s . F i g u r e 47 i n d i c a t e s that the r a i n -
s t o r m zone was lying n e a r and a p p r o x i m a t e l y p a r -
a l l e l to a r idge in the p r e c i p i t a b l e w a t e r p a t t e r n . 
Ana lys i s of o the r data ind ica ted that the p r e c i p i t a b l e 
w a t e r r anged from 1.5 to 2.1 inches in the s t o r m 
zone dur ing the 3-day s t o r m pe r iod . N o r m a l for 
th is p e r i o d is a p p r o x i m a t e l y 1.3 i n c h e s . Ca lcu la t ion 
of Showalter s t ab i l i ty ind ices showed va lues of -1 to 
-4 dur ing the ra in fa l l p e r i o d s of August 4 - 6 . The 
above data ind ica te the p r e s e n c e of an a b n o r m a l l y 
m o i s t and uns tab le a t m o s p h e r e in the s t o r m zone 
dur ing the 3-day p e r i o d . 
S u m m a r y 
The August 4 - 6 , 1959, s t o r m r e s u l t e d f rom four 
d i s t inc t s t o r m p e r i o d s within 65 h o u r s . The 2 - d a y 
and 3-day cumula t ive t o t a l s and the g r e a t a r e a l 
extent w e r e the m o s t ou t s tand ing f ea tu re s of t h i s 
s t o r m which e x t e n d e d from n o r t h e r n M i s s o u r i 
th rough I l l inois to w e s t e r n Kentucky. N e a r l y 20 
p e r c e n t of I l l inois r e c e i v e d s t o r m ra infa l l a m o u n t s 
exceeding the a v e r a g e 2 - y e a r f requency for a 7 2 -
hour p e r i o d , and n e a r l y 10 p e r c e n t of the s ta te e x -
p e r i e n c e d a 5 - y e a r f r equency for th is du ra t i on . 
Ana lys i s of synopt ic w e a t h e r condi t ions i n d i c a t e d 
an a b n o r m a l l y m o i s t and uns tab le a t m o s p h e r e in the 
s t o r m r eg ion . The h e a v i e s t r a in fa l l in I l l inois o c -
c u r r e d dur ing the p r e s e n c e of a q u a s i - s t a t i o n a r y 
front south of the s t o r m c o r e which was o r i e n t e d 
a p p r o x i m a t e l y p a r a l l e l w i t h the su r face r a in f a l l 
a x i s . Other f ea tu re s p r e s e n t a t tha t t i m e , typ ica l o f 
s e v e r e r a i n s t o r m s i n I l l ino i s , w e r e . m i n o r t r o u g h s 
at 850 m b , 700 m b , and 500 mb ; a dew point r i d g e at 
700 mb and 500 mb; and a p r e c i p i t a b l e w a t e r r i d g e 
for the l a y e r from the s u r f a c e to 400 m b . 
Figure 37. Total storm rainfall for August 4-6, 1959 
4 0 
Figure 38. Total storm rainfall for 0100 to 1500 CST on August 4, 1959 
Figure 39. Total storm rainfall from 1800 CST on August 4 to 1800 CST on August 6, 1959 
0000 0400 0800 1200 1600 2000 2400 0400 0800 1200 1600 2000 2400 0400 0800 1200 
Time (CST) 8-4-59 8-5-59 8-5-59 8-6-59 
Figure 40. Mass curves of rainfall from selected stations for August 4-6, 1959 
4 2 
Figure 41 . Isochrones of rainfall initiation, night of August 5-6, 1959 
Figure 42. Total rainfall for July 30 - August 3, 1959 Figure 43. Total rainfall for July 25 - August 3, 1959 
a 0600 CST AUGUST 4, 1959 b 0600 CST AUGUST 5, 1959 
c 0000 CST AUGUST 6, 1959 d 0600 CST AUGUST 6, 1959 
Figure 44. Surface synoptic maps for August 4-6. 1959 
a 850 mb b. 700 mb 
c. 500 mb d 300 mb 
Figure 45. Upper air maps far 0600 CST, August 4, 1959 
a 850 mb b. 700 mb 
c 500 mb d. 300 mb 
Figure 46. Upper air maps for 1800 CST, August 5, 1959 
46 
Figure 47. Precipitable water for surface to 400 mb at 1800 CST on August 5, 1959 
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STORM OF AUGUST 16-17, 1959 
On August 16-17, 1959, a severe rainstorm oc-
curred in southern Illinois and bordering states in 
which amounts in the storm center exceeded 10 
inches within 16 hours. Amounts exceeding 6 inches 
were recorded over 2000 square miles and amounts 
in excess of 4 inches over a 5000-square-mile area . 
The core of this storm was centered on a raingage 
network, which consists of 54 gages in 550 square 
miles . The network, operated by the State Water 
Survey, is known as the Little Egypt Network and is 
located approximately 100 miles southeast of St. 
Louis in southern Illinois. Twenty-four of the net-
work gages are weighing-bucket recording gages 
and the res t are standard, 8-inch, nonrecording 
gages. Data employed in the study include the dense 
raingage network data, synoptic weather data, radar 
observations, U. S. Weather Bureau rainfall data, 
50 rainfall measurements from the network of non-
recording raingages operated by Southern Illinois 
University, and 200 field survey measurements of 
rainfall obtained by Water Survey personnel. Major 
emphasis has been placed upon analysis of the Little 
Egypt Network data which provided details on the 
storm character is t ics that are ra re ly available for 
such s torms. Figure 48 shows the storm isohyetal 
pattern. The outline of the Little Egypt Network is 
shown in the center of the s torm. 
Radar observations of the storm were made with 
the CPS-9 radar set. The center of the August 16-17 
storm was located approximately 140 to 150 miles 
south of the radar station. In addition to the CPS-9 
observations, radar plots of storm echo locations 
which were prepared by the U. S. Weather Bureau 
from their national radar network were obtained to 
aid in the storm analysis. 
Isohyetal Patterns 
An isohyetal map for the entire s torm period is 
shown in Figure 48. All of the storm rainfall oc-
curred in a 24-hour period beginning at noon on 
August 16. Within the core of the storm approxi-
mately 95 percent of the rainfall occurred in a 16-
hour period from 1700 CST on the 16th to 0900 on 
the 17th, and about 80 percent in the 12 hours from 
2100 to 0900. The nearly W-E orientation of the 
rainfall pattern and the tight rainfall gradients near 
the storm center are typical of severe rainstorms 
in Illinois. 
Figure 49 shows the isohyetal pat terns for the 
maximum 3-hour, 6-hour, and 12-hour periods of 
rainfall over the entire storm area . These were 
obtained by the isopercentile map technique des-
cribed in a previous Water Survey report . 5 These 
peak period maps were used to obtain area-depth 
relations for incremental periods within the storm. 
Figure 50 shows the storm total rainfall pattern 
on the Little Egypt Network on a la rger scale than 
in Figure 48. Reference to Figure 50 shows that the 
lowest network value of 5.58 inches occurred at 
Gage P, 9 miles southeast of the highest value, 
10.58 inches, at Gage K. The major E-W core 
across the network was the result of the maximiza-
tion of several individual ra ins torms in this general 
area . Figure 51 shows the isohyetal patterns for the 
maximum 1-hour, 2-hour, 3-hour, 6-hour, and 12-
hour periods of rainfall on the network. These pat-
terns were well defined by the 24 recording gages 
in the 550-square-mile area, and provide excellent 
data on storm rainfall variability and area-depth 
relations in heavy ra instorms over a small basin. 
Approximately 30, 46, and 80 percent of the total 
network rainfall occurred in the maximum 3-hour, 
6-hour, and 12-hour periods, respectively. 
Probability Analysis 
Figure 52 i l lustrates the relative magnitude and 
intensity of the storm on the Little Egypt Network. 
In this figure, selected isohyets have been drawn 
for the 12-hour period of maximum rainfall and 
labeled in t e rms of recurrence interval of point 
rainfall to which each isohyet corresponds. For 
example, the 50-year line connects points whose 
12-hour rainfall was of the magnitude to be expected 
once in an average 50-year period at these points; 
therefore, the 50-year line also encloses the es t i -
mated area which experienced rainfall amounts that 
should not be exceeded more than once in 50 years . 
An area of approximately 100 square miles through 
the central region of the network of 550 square miles 
experienced 12-hour amounts w h i c h exceed the 
100-year expectancy, based upon the studies of Huff 
and Neill.6 
Table 12 provides further information on the 
relative intensity of the storm on the Little Egypt 
Network for peak periods of 1 to 24 hours in the 
s torm. In this table, the portion of the 550 square 
miles which received rainfall equalling or exceeding 
that to be expected for average recurrence intervals 
of 2 to 100 years is given. Thus, for the maximum 
2-hour period of rainfall, all of the area received 
amounts equalling or exceeding the 2-year frequency 
value, while 480, 280, and 45 square miles had 
amounts which equalled or exceeded 5-year, 10-
year, and 25-year recurrence- in terval values, r e -
spectively. The data in Figure 52 and Table 12 are 
based upon the maximum peak periods of rainfall at 
individual points, and these periods did not neces-
sari ly occur at the same time throughout the net-
work; however, the 12-hour and 24-hour maximum 
period's were the same at all points in the 550-
square-mile network. Table 12 shows that the re la-
tive intensity of the storm was considerably greater 
for 12-hour and 24-hour periods than for shorter 
durations; that i s , there was more area which ex-
perienced longer recurrence- in terval values. 
Table 13 shows relations for the entire storm 
zone in Illinois for periods of 12 and 24 hours. 
Shorter period relations could not be determined 
with the limited amount of recording gage data. 
48 
The r e c u r r e n c e i n t e r v a l o f a r e a l m e a n ra in fa l l 
on the 550 s q u a r e m i l e s c o m p r i s i n g the L i t t l e Egypt 
Network was d e t e r m i n e d for 3 -hou r to 2 4 - h o u r p e -
r i ods (Table 14), b a s e d upon Sta te Water Survey and 
U. S. Weather B u r e a u s t ud i e s . 6 , 9 The v a l u e s w e r e 
d e r i v e d for the ne twork a v e r a g e ra infa l l over a 
specif ic t i m e pe r iod ; t hus , the 3 -hour p e r i o d with 
the h ighes t m e a n ra infa l l was 0000-0300 CST on the 
17th wi th a m e a n ra infa l l of 2.36 i n c h e s , and th i s 
va lue is expec ted to occur on an a v e r a g e of once in 
15 y e a r s . Tab le 14 a l so i l l u s t r a t e s the g r e a t e r r e l -
a t ive i n t ens i ty of the s t o r m with i n c r e a s i n g du ra t i on 
of r a in fa l l , the 12-hour to 2 4 - h o u r m e a n amoun t s 
having c o n s i d e r a b l y longer r e c u r r e n c e i n t e r v a l s 
than the 3-hour and 6-hour a v e r a g e v a l u e s . 
C h a r a c t e r i s t i c s of Rainfal l D i s t r i b u t i o n 
F i g u r e 53 shows a m a s s c u r v e of m e a n ra in fa l l 
for the L i t t l e Egypt Network and m a s s c u r v e s for 2 
gages in the ne twork . T h e s e c u r v e s a r e b a s e d on 
h o u r l y ra infa l l a m o u n t s . Loca t ion of Gages G and W 
is shown in F i g u r e 50. F i g u r e 54 i l l u s t r a t e s the 
t i m e d i s t r i bu t ion of m e a n hour ly ra in fa l l over the 
ne twork . T h e s e f igures show the typ ica l c h a r a c t e r -
i s t i c s of such s t o r m s , cons i s t i ng of a n u m b e r of 
b u r s t s o r individual s h o w e r s dur ing the tota l s t o r m 
p e r i o d . F i g u r e 54 i n d i c a t e s five b u r s t s with p e r i o d s 
of 3 to 4 h o u r s be tween m a x i m i z a t i o n of b u r s t s . The 
h e a v i e s t b u r s t s o c c u r r e d n e a r midn igh t and in the 
e a r l y forenoon of the 17th. The b u r s t ( in tens i ty 
i n c r e a s e ) at 0500 CST is m i n o r , but r ecogn izab l e on 
F i g u r e 54. This b u r s t was p r o d u c e d by a shower in 
the n o r t h e a s t sec t ion of the n e t w o r k . Gage G in 
F i g u r e 53 shows the p r e s e n c e of th is b u r s t . Since 
the Lit t le Egypt Ne twork was within the s t o r m c o r e 
and F igu re 53 and 54 a r e b a s e d upon a dense n e t -
w o r k of r e c o r d i n g g a g e s , the c u r v e s should a c c u -
r a t e l y r e p r e s e n t the d i s t r i b u t i o n c h a r a c t e r i s t i c s o f 
the ra infa l l a t the s t o r m c e n t e r . 
TABLE 12 
R E C U R R E N C E INTERVAL OF MAXIMUM RAINFALL AMOUNTS 
ON L I T T L E E G Y P T NETWORK, AUGUST 16-17, 1959 
A r e a (sq. m i . ) with ra in fa l l equal l ing or 
Dura t ion exceed ing given r e c u r r e n c e - i n t e r v a l va lue (y r s . ) 
(hours) 2 5 10 25 50 100 
1 350 160 70 25 
2 550 480 280 45 10 
3 550 550 370 110 
6 550 550 520 260 20  
12 550 550 520 400 290 80 
24 550 550 550 510 360 60 
T A B L E 13 
R E C U R R E N C E INTERVAL OF MAXIMUM RAINFALL AMOUNTS, 
ILLINOIS, AUGUST 16-17, 1959 
A r e a (sq. m i . ) with r a in fa l l equal l ing o r 
exceeding given r e c u r r e n c e - i n t e r v a l va lue (y r s . ) 
Dura t i on 
(hours ) 2 5 10 25 50 100 
12 4400 3350 2500 1600 1080 250 
24 6050 4150 3100 1570 820 150 
TABLE 14 
R E C U R R E N C E INTERVAL OF MEAN RAINFALL 
ON L I T T L E E G Y P T NETWORK, AUGUST 16-17, 1959 
Mean R e c u r r e n c e 
Dura t ion T i m e ra infa l l i n t e r v a l 
(hours) (CST) (inches) ( yea r s ) 
3 0000-0300 2.36 15 
6 2300-0500 3.61 25 
12 2100-0900 6.28 100 
18 1500-0900 7.75 100 
24 1200-1200 7.83 100 
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D e p t h - D u r a t i o n - A r e a Re la t ions 
A r e a - d e p t h r e l a t i o n s for the e n t i r e s t o r m a r e a 
for pe r iods of 3, 6, 12, and 24 h o u r s a r e shown in 
Tab le 15. Table 16 p r e s e n t s a r e a - d e p t h r e l a t i o n s 
on the Li t t le Egypt Network for m a x i m u m ra infa l l 
p e r i o d s of 1, 2, 3, 6, 12, and 24 h o u r s , while Table 
17 p rov ides hour ly da ta throughout the m a j o r p o r -
t ion of the s t o r m from 1600 to 0900 CST. Table 18 
shows the t ime d i s t r i b u t i o n of m e a n ra in fa l l within 
the core of the s t o r m on the Li t t l e Egypt Network . 
In this t ab l e , the p e r c e n t of the to ta l s t o r m ra infa l l 
i s given for s e l e c t e d a r e a s within the s t o r m c o r e 
for peak ra infa l l p e r i o d s of 1 to 12 h o u r s . T h u s , 
within the 100 s q u a r e m i l e s having the h e a v i e s t 
ra in fa l l dur ing the to ta l s t o r m p e r i o d , 22 p e r c e n t of 
the total s t o r m ra in fa l l o c c u r r e d within the m a x i -
m u m 1-hour p e r i o d , 40 pe rcen t in the m a x i m u m 3-
hour p e r i o d , and 87 p e r c e n t in the h e a v i e s t 12-hour 
p e r i o d . 
Antecedent Rainfal l 
The d i s t r i bu t ion of ra in fa l l for 5-day and 10-day 
p e r i o d s p r eced ing the August 16-17 s t o r m was d e -
t e r m i n e d s ince h e a v y an teceden t ra in fa l l would a c -
cen tua te the f lood-producing c a p a b i l i t i e s o f the 
s t o r m . I sohyeta l m a p s a r e p r e s e n t e d i n F i g u r e s 5 5 
and 56, b a s e d on U. S. Weather B u r e a u da ta . F i g -
u r e 55 ind ica tes v e r y l i t t le ra infa l l dur ing the 5-day 
pe r iod p reced ing the s t o r m in s o u t h e r n I l l inois . The 
10-day m a p shows s c a t t e r e d a r e a s of heavy ra in fa l l 
along the n o r t h e r n , e a s t e r n , and sou the rn edges of 
the s t o r m r e g i o n , but l i t t l e along m o s t of the s t o r m 
c o r e . N o r m a l 5-day and 10-day ra in fa l l amoun t s 
dur ing this p e r i o d in the r eg ion of the s t o r m c e n t e r 
a r e 0.65 inch and 1.30 i n c h e s , r e s p e c t i v e l y . 
Synoptic Wea the r 
The su r face synopt ic m a p for 1800 CST on August 
16, n e a r the s t a r t of the s t o r m , showed a s t r ong 
flow of m o i s t m a r i t i m e t r o p i c a l a i r over sou the rn 
I l l inois (Fig. 57). The i s o b a r i c p a t t e r n ind ica ted a 
r e l a t i v e l y s t e e p g r a d i e n t , with a weak r i d g e th rough 
the s t o r m r e g i o n and a t rough over the O z a r k s to 
the sou thwes t . Dew poin ts w e r e 70 to 7 2 ° F and a i r 
t e m p e r a t u r e s in the upper 7 0 ' s . The n e a r e s t f ront 
to the s t o r m a r e a was loca ted a p p r o x i m a t e l y 400 
m i l e s to the w es t . R a d a r and w e a t h e r s ta t ion o b -
s e r v a t i o n s ind ica ted w i d e s p r e a d t h u n d e r s t o r m 
ac t iv i ty over c e n t r a l and sou the rn I l l inois and a d -
joining s t a t e s . 
WSW flow at 35 knots ove r the s o u t h e r n por t ion 
of I l l inois was ind ica ted on the 8 5 0 - m b c h a r t for 
1800 CST, August 16 (Fig . 58). A weak t rough in the 
contour p a t t e r n was o r i e n t e d NNW-SSE through the 
s t o r m reg ion . A r e l a t i v e l y d r y tongue ex i s t ed to the 
wes t of the s t o r m reg ion . O t h e r w i s e , the dew point 
g r a d i e n t was qui te flat over I l l inois and ad jacent 
s t a t e s . The d r y tongue o v e r M i s s o u r i s e p a r a t e d 
m o i s t e r r e g i o n s to the w e s t , in advance of the cold 
front , and to the ea s t over sou the rn I l l ino i s . Upper 
a i r ana lys i s was a ided c o n s i d e r a b l y by s u p p l e m e n -
t a r y RAOB data from mobi l e s t a t ions a t Scott F i e l d , 
I l l i no i s , South Bend, Indiana, and Wate r loo , Iowa. 
TABLE 15 
D E P T H - D U R A T I O N - A R E A DATA, ENTIRE STORM AREA, AUGUST 16-17, 1959 
A v e r a g e depth (in.) for g iven a r e a (sq. m i . ) S t o r m 
p e r i o d 
(hours) 25 50 100 200 500 1000 2000 5000 10,000 20,000 
3 4 .0 3.8 3.7 3.5 3.1 2.7 2.3 1.6 1.1 
6 5.1 5.0 4.8 4.7 4.3 4.0 3.6 2.9 2.3 1.6 
12 9.3 9.1 8.8 8.4 7.8 7.0 6.2 4.8 3.5 2.4 
24 10.3 10.1 9.8 9.5 8.8 8.2 7.3 5.9 4.5 3.5 
TABLE 16 
D E P T H - D U R A T I O N - A R E A DATA, L I T T L E EGYPT NETWORK, AUGUST 16-17, 1959 
Average depth (in.) for given a r e a (sq. m i . ) 
S to rm 
pe r iod 
(hours) 1 5 10 25 50 100 200 300 400 550 
1 2.92 2.81 2.71 2.54 2.33 2.04 1.67 1.36 1.15 0.92 
2 4.30 4.20 4.08 3.87 3.65 3.30 2.85 2.50 2.17 1.77 
3 4 .45 4.35 4.25 4.12 3.96 3.72 3.37 3.12 2.80 2.36 
6 4 .98 4.88 4.80 4 .68 4.52 4.34 4.08 3.90 3.75 3.61 
12 9.70 9.45 9.28 8.96 8.60 8.15 7.52 7.10 6.68 6.28 
24 10.70 10.55 10.40 10.15 9.85 9.40 8.90 8.55 8.15 7.83 
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T A B L E 17 
HOURLY A R E A - D E P T H DATA, L I T T L E EGYPT NETWORK, AUGUST 16-17 , 1959 
A v e r a g e depth (in.) for given a r e a (sq . mi . ) 
Hour 
ending 
(CST) 1 5 10 25 50 100 200 300 400 550 
1700 1.10 1.04 1.00 0.93 0.87 0.78 0.63 0 52 0.43 0.32 
1800 1.30 1.25 1.20 1.12 1.03 0.92 0.78 0.70 0.62 0.52 
1900 0.76 0.72 0.70 0.66 0 61 0.53 0.44 0.36 0.29 0.20 
2000 0.47 0.45 0.42 0.40 0.37 0.32 0.26 0.20 0.16 0.12 
2100 0.75 0.72 0.70 0.67 0.62 0.55 0.47 0.39 0.32 0.27 
2200 1.28 1.23 1.20 1.13 1.04 0.93 0.78 0.65 0.52 0.38 
2300 0.36 0.35 0.33 0.31 0.30 0.28 0.24 0.20 0.18 0.16 
2400 1.32 1.25 1.18 1.07 0.96 0.78 0.59 0.49 0.42 0.33 
0100 2.92 2.81 2.71 2.54 2.33 2.04 1.67 1.36 1.15 0.92 
0200 2.17 2.11 2.06 1.97 1.87 1.71 1.50 1.30 1.09 0.85 
0300 1.15 1.12 1.09 1.06 1.00 0.92 0.82 0.76 0.68 0.59 
0400 1.15 1.09 1.06 1.00 0.92 0.82 0.69 0.58 0.48 0.35 
0500 1.33 1.28 1.24 1.17 1.08 0.96 0.81 0.67 0.54 0.37 
0600 1.60 1.45 1.37 1.19 1.05 0.94 0.76 0.62 0.49 0.37 
0700 1.76 1.69 1.64 1.57 1.46 1.32 1.11 0.97 0.85 0.66 
0800 2.41 2.32 2.26 2.13 1.99 1.80 1.52 1.30 1.11 0.87 
0900 1.49 1.43 1.38 1.29 1.20 1.05 0.88 0.73 0.60 0.43 
TABLE 18 
TIME DISTRIBUTION OF AREAL MEAN RAINFALL 
L I T T L E EGYPT NETWORK, AUGUST 16-17 , 1959 
P e r c e n t of to ta l s t o r m ra infa l l for given 
s t o r m pe r iod and a r e a (sq. m i . ) S to rm 
pe r iod 
(hours) 1 5 10 25 50 100 200 300 400 550 
1 27 27 26 25 24 22 19 16 14 12 
2 40 39 39 38 37 35 32 29 27 23 
3 42 41 40 40 40 40 38 36 34 30 
6 47 46 46 46 46 46 46 46 46 46 
12 91 90 89 88 87 87 85 83 82 80 
The 7 0 0 - m b c h a r t for 1800 CST, August 16, 
showed WSW flow at about 30 knots over s o u t h e r n 
I l l inois (Fig. 59). A s l ight t r o u g h o r i en ted NNW-
SSE was evident in th i s a r e a . F u r t h e r m o r e , t h e 
con tour p a t t e r n ind ica ted that c o n t r a s t i n g m a r i t i m e 
p o l a r and m a r i t i m e t r o p i c a l a i r m a s s e s w e r e 
m e e t i n g ove r sou the rn I l l inois (F ig . 59). A r i dge in 
the dew point p a t t e r n was o r i e n t e d NE-SW th rough 
c e n t r a l Indiana , e a s t c e n t r a l and sou the rn I l l i no i s , 
and sou thwes tward t h rough M i s s o u r i and Ok lahoma . 
The 5 0 0 - m b cha r t at 1800 CST showed wester ly-
flow at a p p r o x i m a t e l y 25 knots over sou the rn I l l inois 
(Fig . 60). A sl ight t rough in the con tour p a t t e r n was 
ind ica ted over the s t a t e , and s i m i l a r to the 7 0 0 - m b 
c h a r t , a dew point r idge extended NE-SW through the 
s t o r m r eg ion . The 300 -mb c h a r t indicated WNW 
flow through the s t o r m r e g i o n with a wind m a x i m u m 
of 50 to 70 knots extending n o r t h e a s t w a r d f r o m 
w e s t e r n to n o r t h e a s t e r n I l l inois about 200 m i l e s 
n o r t h w e s t of the r a i n s t o r m c e n t e r (Fig. 61). The 
con tour p a t t e r n ind ica ted d i v e r g e n c e in and n o r t h of 
the s t o r m zone . 
The p r e c i p i t a b l e w a t e r m a p for the s u r f a c e to 
4 00 mb at 1800 CST (Fig . 62) showed a m a x i m u m 
zone with va lues n e a r 2 i nches extending s o u t h w e s t -
w a r d from Mich igan th rough c e n t r a l Indiana , sou th -
e r n I l l ino i s , s o u t h e a s t e r n M i s s o u r i t o Ok lahoma . 
RAOB data i nd i ca t ed the c o r e of the zone of m a x i -
m u m p r e c i p i t a b l e w a t e r ex tended th rough the s t o r m 
zone of s o u t h e r n I l l ino i s . Scott F ie ld , l oca t ed n e a r 
the n o r t h e r n edge of the heavy ra infa l l zone , had a 
p r e c i p i t a b l e w a t e r content of 1.93 inches for the 
l a y e r , su r f ace to 400 m b , a t the s t a r t of the s t o r m . 
Th i s amount is about 35 p e r c e n t above n o r m a l for 
Augus t , b a s e d upon Water Survey s t u d i e s . Th i s a b -
n o r m a l i t y was due to e x c e s s i v e amoun t s o f m o i s t u r e 
above 850 m b , the su r f ace to 8 5 0 - m b l e v e l having a 
n e a r n o r m a l amoun t . The Showal ter s t a b i l i t y index 
of +2 in the s t o r m zone (Fig . 63) at 1800 CST was 
not ind ica t ive of a highly uns t ab le a t m o s p h e r e . 
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R a d a r Ana lys i s 
Radar o b s e r v a t i o n s with the C P S - 9 were m a d e 
dur ing a po r t i on of the s t o r m . The r a d a r se t was 
t u rned off for the day at 1930 CST on August 16 
dur ing the e a r l y pa r t of the s t o r m and not o p e r a t e d 
aga in unti l 0700 CST on August 17, n e a r the end of 
the s t o r m p e r i o d . However , sufficient o b s e r v a t i o n s 
w e r e m a d e to r e v e a l s o m e i n t e r e s t i n g f e a t u r e s o f 
the s t o r m , p a r t i c u l a r l y when combined with the 
m a c r o s c a l e f ea tu res of the s t o r m r e v e a l e d by r a d a r 
r e p o r t s f rom the U. S. Weather B u r e a u ne twork . 
F i g u r e 64 shows the C P S - 9 p o r t r a y a l of p r e c i p -
i ta t ion wi thin r ange of the r a d a r se t a t s e l e c t e d 
t i m e s . In th i s f igure , the concen t r i c c i r c l e s r e p -
r e s e n t r a n g e s of 50, 100, and 150 naut ica l m i l e s . 
Shading of the r a d a r e c h o e s has been employed to 
identify s e p a r a t e convect ion s y s t e m s . At 1230 CST 
four a r e a s o f r a i n s t o r m s a r e indicated b y the 
shading of the r a d a r e c h o e s . All l ines w e r e moving 
in a g e n e r a l e a s t w a r d to s o u t h e a s t w a r d d i r e c t i o n , 
except the echo a r e a on the Ohio River (EVV) which 
r e m a i n e d r e l a t i v e l y s t a t i o n a r y . The n u m b e r and 
extent of the squal l zones shown by the r a d a r at th i s 
t i m e ind ica te that condi t ions w e r e favorable for 
t h u n d e r s t o r m deve lopment and s u s t a i n m e n t o v e r a 
wide a r e a in I l l inois and Indiana. The squal l l ine 
shown over sou the rn I l l inois p roduced l ight r a in fa l l 
a s i t moved a c r o s s the sou the rn I l l inois s t o r m zone . 
F i g u r e 65 shows r e g i o n s within which echoes 
w e r e r e p o r t e d by the U. S . Weather B u r e a u r a d a r 
ne twork a t s e l ec t ed t i m e s . The s t ippled a r e a s r e p -
r e s e n t enve lopes of a r e a s in which echoes w e r e 
w i d e s p r e a d but not n e c e s s a r i l y cont iguous In m o s t 
c a s e s , o v e r 50 p e r c e n t of the s t ippled a r e a s w e r e 
occupied by e c h o e s . At 1200 CST F i g u r e 65 r e v e a l s 
an a r e a of convect ive ac t iv i ty extending n o r t h w a r d 
f rom the Gulf up the M i s s i s s i p p i Val ley , b roaden ing 
o v e r the h i l l r eg ions of M i s s o u r i , sou the rn I l l i no i s , 
sou the rn Indiana and w e s t e r n Kentucky, and then 
extending n o r t h e a s t w a r d and e a s t w a r d into P e n n s y l -
v a n i a and New York. Re fe r ence to the synopt ic 
w e a t h e r and r a d a r m a p s ind ica te s that sou the rn 
I l l inois was in the cen te r of a r e g i o n of convect ive 
ac t iv i ty a t tha t t i m e . The a r e a was lying n e a r the 
a x i s of the convect ive a r e a extending n o r t h w a r d 
f rom the Gulf, in and no r th of the hil l r e g i o n s which 
a p p e a r e d to be augment ing the ac t iv i ty , and wi thin 
the path of squa l l l ines moving f rom the wes t and 
n o r t h w e s t . 
F o u r and one-half hou r s l a t e r a t 1630 CST, t h r e e 
s e p a r a t e squa l l zone a r e a s a r e ind ica ted by the 
C P S - 9 (Fig . 64). The zone ove r wes t c e n t r a l Indiana 
i s the s a m e s t o r m s y s t e m tha t was loca ted o v e r 
e a s t e r n I l l inois at 1230, while the zone th rough the 
r a d a r s t a t ion i s the one that was ove r w e s t e r n I l l i -
n o i s a t 1230. The W-E l ine extending th rough s o u t h -
e r n I l l inois was f i r s t de t ec t ed about 1500 when i t 
developed s l igh t ly south of the pos i t ion shown at 
1630. Th i s deve lopment was in the r e g i o n in which 
the sou the rn e x t r e m i t y of the squal l l ine to the n o r t h 
had p a s s e d e a r l i e r . P o s s i b l y , th is l ine r e s u l t e d 
f r o m in tens i f i ca t ion o f n o r t h w a r d - m o v i n g ce l l s 
fo rmed in the hil l coun t ry to the south and sou th -
wes t in I l l inois and M i s s o u r i as they r e a c h e d an 
a r e a of i n c r e a s e d evapo ra t i on , which was p roduced 
as c l e a r i n g followed the p a s s a g e of the e a r l i e r 
squal l l ine . This W-E squa l l l ine i s o r i en t ed a p -
p r o x i m a t e l y p a r a l l e l t o the s o u t h e r n I l l inois s t o r m 
zone which developed l a t e r , and p r o b a b l y r e p r e s e n t s 
the in i t ia l p h a s e of deve lopment of the zone . As 
o b s e r v e d in a m a j o r i t y of the 10- inch s t o r m s 
s tudied in I l l i no i s , deve lopment took p lace n e a r the 
bounda ry s e p a r a t i n g a hot , m o s t l y sunny, humid 
reg ion from a p a r t l y cloudy to cloudy, r a i n y a r e a 
with somewha t c o o l e r t e m p e r a t u r e s . M a x i m u m 
t e m p e r a t u r e s on August 16 exceeded 9 0 ° F in the 
s t o r m reg ion c o m p a r e d to 75 to 80 d e g r e e s in n o r t h -
e r n I l l ino i s . Sunny condi t ions p r e v a i l e d m o s t of the 
day of the s t o r m except dur ing br ief shower p e r i o d s . 
The C P S - 9 p o r t r a y a l 1 hour l a t e r at 1730 CST 
(Fig. 64) shows the s o u t h e r n I l l inois squa l l l ine 
m e r g i n g with the l ine to the n o r t h , while the l ine to 
the n o r t h a l s o a p p e a r s about to m e r g e with the l ine 
ea s t of i t over c e n t r a l Indiana. With the m e r g i n g 
of t h e s e t h r e e squal l l i n e s , the heavy s t o r m was 
unde rway . The C P S - 9 p r e s e n t a t i o n a t 1915 CST 
(Fig. 64) shows condit ions s h o r t l y before the r a d a r 
ope ra t i ons w e r e t e r m i n a t e d . The m e r g e r had been 
comple t ed by th i s t i m e . The s o u t h e r n p o r t i o n of the 
squa l l l ine was dr i f t ing v e r y s lowly sou thward while 
the n o r t h e r n po r t i on was moving e a s t w a r d a t a c o n -
s i d e r a b l y g r e a t e r speed . 
R e f e r r i n g to F i g u r e 65 aga in , i t is s e e n that by 
1600 CST the M i s s i s s i p p i Val ley a r e a of r a i n s t o r m s 
had d i s s i p a t e d except n e a r the Gulf as the peak of 
d iu rna l heat ing p a s s e d . A r e g i o n of convec t ive a c -
t iv i ty was s t i l l p r e s e n t over Texas and Ok lahoma , 
and th is reg ion was loca ted n e a r the p r e c i p i t a b l e 
w a t e r ax i s extending from Michigan to T e x a s , d i s -
c u s s e d e a r l i e r . A l so , the r a d a r r e p o r t s ind ica ted a 
d e c r e a s e in the extent of the ac t iv i ty in the hi l l 
r e g i o n s of s o u t h e r n I l l inois and ad jacent s t a t e s with 
the p a s s a g e of the d iu rna l hea t ing peak. A l a r g e 
a r e a of convect ion extended f rom w e s t e r n New York 
sou thwes tward th rough I l l inois to T e x a s . 
By 0100 CST (Fig . 65) the s t o r m s w e r e r e -
s t r i c t e d p r i m a r i l y t o s o u t h e r n I l l inois and ad jacen t 
s t a t e s . A weak squa l l l ine was ind ica ted th rough 
Iowa, p r o b a b l y in i t i a t ed by the cold front to the w e s t . 
This l ine d i s s i p a t e d as i t e n t e r e d I l l ino is . The Gulf 
ac t iv i ty was a l m o s t comple t e ly d i s s i p a t ed by tha t 
t i m e . 
The l a s t C P S - 9 i l l u s t r a t i o n in F i g u r e 64 shows 
the r a d a r p o r t r a y a l a t 0815 CST on the 17th, s h o r t l y 
af ter the r a d a r was tu rned on. The l a s t heavy b u r s t 
o c c u r r e d in the s t o r m zone a t th is t i m e , a f t e r which 
the whole s y s t e m moved sou thward out of the a r e a 
at a speed of about 10 mph . The Indiana po r t i on of 
the squa l l zone was m o s t l y d i s s i p a t e d by tha t t i m e . 
F i g u r e 65 for 1000 CST shows the sou thward dr i f t 
of the l a r g e - s c a l e s y s t e m a s s o c i a t e d with the I l l inois 
s t o r m e a r l i e r . Redeve lopmen t of the Gulf ac t iv i ty 
a t tha t t ime as d iu rna l hea t ing i n c r e a s e d can be 
noted . 
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Sto rm C h a r a c t e r i s t i c s 
Using data f rom 18 r e c o r d i n g gages in sou the rn 
I l l inois and s o u t h e a s t e r n M i s s o u r i in conjunction 
with the Li t t le Egypt Network da ta , an effort was 
m a d e t o t r a c e the r a in f a l l l i n e s t h rough the s t o r m 
r e g i o n and s u r r o u n d i n g a r e a to obtain in fo rma t ion 
on the o r ig in s of t h e s e l ines and to gain a b e t t e r 
u n d e r s t a n d i n g of the s t o r m c h a r a c t e r i s t i c s . Newton 
and Katz have d e m o n s t r a t e d the feas ib i l i ty of 
us ing the h y d r o c l i m a t i c ne twork for th is p u r p o s e . 
Th i s a p p r o a c h was d i c t a t ed by the lack of de ta i led 
r a d a r da t a dur ing a l a r g e por t ion of the s t o r m . 
R e s u l t s of th is a n a l y s i s ind ica ted that 9 l ines 
p a s s e d th rough o r n e a r the s t o r m c e n t e r dur ing the 
s t o r m p e r i o d . Most of t he se l i nes w e r e de tec ted 
f i r s t in the su r face ra in fa l l p a t t e r n 75 to 100 m i l e s 
n o r t h w e s t of the s t o r m c e n t e r . Using ra in fa l l da ta , 
h o u r l y s equence data f rom Weather B u r e a u s ta t ions 
in the v ic in i ty , and u p p e r a i r m a p s , i t a p p e a r s that 
t h e s e l i n e s formed on the south s ide of and a p p r o x i -
m a t e l y p a r a l l e l to a wind m a x i m u m found at the 
3 0 0 - m b l e v e l . T h e s e l ines moved toward the r a i n -
s t o r m c e n t e r at c a l cu l a t ed speeds of 12 to 42 mph, 
wi th a med ian value of 27 m p h . Most of the l ines 
a p p e a r e d to move f rom the NNW. The l ine speeds 
d e c r e a s e d g r e a t l y in moving th rough the r a i n s t o r m 
c o r e . The med ian s p e e d was 10 m p h for the 6 l ines 
which p a s s e d th rough the s t o r m c e n t e r . T h e s e l ines 
a p p e a r e d e i t he r to d i s s i p a t e o r t o i n c r e a s e cons id -
e r a b l y in speed upon leaving the s t o r m c e n t e r . 
Ana lys i s of ava i l ab l e data sugges t s that after 
fo rming n e a r the wind m a x i m u m , the squa l l l ines 
deve loped v e r t i c a l l y a s they moved toward the r a i n -
s t o r m c e n t e r t h rough the 3 0 0 - m b d i v e r g e n c e a r e a 
(F ig . 61). As a l ine a p p r o a c h e d the r a i n s t o r m c e n -
t e r , the m o i s t u r e inflow was i n c r e a s e d a p p r e c i a b l y 
upon e n t e r i n g the zone of m a x i m u m p r e c i p i t a b l e 
w a t e r content (F ig . 62) and the p r e c i p i t a t i o n p r o c e s s 
m a x i m i z e d in th i s r e g i o n . With v e r t i c a l deve lopment 
of the l i nes as they a p p r o a c h e d the r a i n s t o r m zone , 
the mot ion of ind iv idua l t h u n d e r s t o r m s in the l i ne , 
and consequen t ly the l ine i tself , b e c a m e i n c r e a s i n g l y 
inf luenced by the h ighe r l eve l winds . As a r e s u l t , 
the l ines f requent ly a s s u m e d a ENE-WSW o r i e n t a -
t ion by the t i m e they e n t e r e d the s t o r m zone , and 
the m a j o r i t y of the indiv idual s t o r m s wi thin the l ine 
moved n e a r l y p a r a l l e l t o the r a i n s t o r m a x i s , which 
w a s o r i e n t a t e d f rom 280 to 100 d e g r e e s (Fig. 48). 
Th i s change in o r i e n t a t i o n of l i nes as they en t e r ed 
the s t o r m zone m a y p a r t i a l l y , a t l e a s t , account for 
the r ap id reduc t ion in l ine m o v e m e n t . As the l ine 
e l e m e n t s m a x i m i z e d over the r a i n s t o r m zone , a 
s t r ong outflow of cold a i r r e s u l t e d with r ap id d e v e l -
opmen t of new ce l l s at the outflow boundary , which 
p r o d u c e d an a p p a r e n t i n c r e a s e in l ine speed beyond 
the s t o r m zone. As the l ines left the r a i n s t o r m zone 
they moved out of the m a x i m u m p r e c i p i t a b l e w a t e r 
r e g i o n and the 3 0 0 - m b d i v e r g e n c e a r e a , and b e c a m e 
l e s s i n t e n s e and m o r e unde r the inf luence of the low-
er l e v e l winds aga in . With shifting of winds to a m o r e 
n o r t h e r l y d i r ec t i on and the advent of d r i e r a i r , the 
r a i n s t o r m zone d e c r e a s e d in in t ens i ty and m o v e d 
sou thward dur ing the forenoon of the 17th (Fig. 65) . 
The a n a l y s i s of da ta f rom each r e c o r d i n g gage in 
the ne twork ind ica ted that 6 squal l l ines c r o s s e d the 
n e t w o r k . The o r i e n t a t i o n , speed , and d i r ec t i on of 
m o v e m e n t of t h e s e l i nes i s dep ic ted in F igure 66 . 
The l ine speed v a r i e d f rom 8 to 25 mph with a 
m e d i a n va lue of 10 m p h . In F i g u r e 66c the s i m u l -
t aneous o c c u r r e n c e of 2 l ines on the ne twork is 
shown. The th i rd l ine , enhanced by i ts i n t e r a c t i o n 
with the four th , p roduced the 3-hour per iod of 
h e a v i e s t r a in fa l l on the ne twork , 0000-0300 CST 
( F i g s . 51 , 54). 
The ra in fa l l p a t t e r n s for each hour from 1500 
CST on the 16th to 1200 on the 17th a r e shown in 
F i g u r e s 67 and 68. Examina t ion of the heav ie r i n d i -
v idua l r a i n s t o r m s , those in which the hour ly ra in fa l l 
e x c e e d e d 0.3 inch , p r o v i d e d an e s t i m a t e of t h e i r 
d i r e c t i o n and speed of m o v e m e n t . The 19 individual 
r a i n s t o r m s de tec t ed in th is 21-hour pe r iod w e r e 
a s s i g n e d , for ident i f ica t ion p u r p o s e s , lower c a s e 
l e t t e r s on the h o u r l y ra in fa l l m a p s . Within the 
L i t t l e Egypt Network the s t o r m s exhibi ted a wide 
r a n g e of m o v e m e n t , the speed vary ing from 7 to 25 
m p h and the d i r e c t i o n of m o v e m e n t f rom 240 to 330 
d e g r e e s . P a r t of the v a r i a t i o n in mo t ion , a t l e a s t , 
is due to deve lopmen t of new ce l l s on the r ight f lank 
of a l i n e , as poin ted out by Newton and K a t z / 0 which 
c a u s e s the s u r f a c e r a i n s t o r m s to move to the r i g h t 
of the m e a n upper wind flow, the amount depending 
upon the r ap id i t y of deve lopmen t on the flank. O the r 
f a c t o r s which m a y be an influence a r e d i f fe rences 
in v e r t i c a l deve lopmen t and m e s o s c a l e c o n v e r g e n c e 
in the s t o r m zone . The m e d i a n speed of the i n d i v i -
dual s t o r m s in the r a i n s t o r m co re was 13 mph with 
the m a j o r i t y be tween 10 and 15 mph . The m e d i a n 
d i r e c t i o n was 280 d e g r e e s with the m a j o r i t y be tween 
270 and 290 d e g r e e s . The m e a n wind f rom 2000 to 
30,000 feet at 1800 CST was 250 d e g r e e s , 35 m p h . 
Using m e a n va lues o b t a i n e d by Newton and 
K a t z , individual r a i n s t o r m s would be expected to 
m o v e a t 275 d e g r e e s , 27 m p h . The m e d i a n d i r e c t i o n 
of 280 d e g r e e s on the L i t t l e Egypt Network c o m -
p a r e s favorably with t h e s e mean v a l u e s , but the 
m e d i a n s p e e d of 13 mph is only about one-half of 
the expec ted v a l u e . The l a r g e r educ t ion in speed of 
indiv idual r a i n s t o r m s in the s t o r m c o r e may be due 
to b locking ac t ion on the wind flow by the convect ion 
s y s t e m which was wel l developed v e r t i c a l l y up to a 
d i s t a n c e of 90 m i l e s to the wes t , upwind of the s p e e d 
r e d u c t i o n . The s l o w i n g down of the individual 
s t o r m s and l ines within the s t o r m c o r e i s p a r t i a l l y 
r e s p o n s i b l e for the heavy amoun t s r e c o r d e d . How-
e v e r , s t rong in tens i f i ca t ion i s ind ica ted a lso in the 
s t o r m c o r e , s ince a p p r o x i m a t e l y 5- inch a m o u n t s 
would have o c c u r r e d without any d e c r e a s e in s p e e d 
t h r o u g h the c o r e with the r a i n f a l l i n t ens i t i e s 
e x p e r i e n c e d . 
The m o v e m e n t of the r a i n s t o r m s was c o m p a r e d 
to the m o v e m e n t of the squal l l ines with which the 
s t o r m s w e r e a s s o c i a t e d , excep t for g and h ( F i g . 67) , 
which w e r e not a s s o c i a t e d with any l i n e . C o m p a r i -
sons of individual s t o r m s and the i r a s s o c i a t e d l i n e s 
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w e r e m a d e by c lass i fy ing the l ines into t h r e e d i -
r e c t i o n s of m o v e m e n t , NNW, NW, and WNW. The 
r a i n s t o r m m o v e m e n t was a lways from a m o r e 
w e s t e r l y az imu th than that of the line m o v e m e n t 
with the angular di f ference be tween the d i r e c t i o n s 
of the two a s s o c i a t e d phenomena vary ing from 18 to 
51 d e g r e e s d e p e n d i n g on the d i r ec t ion of l ine 
m o v e m e n t . 
Rainfal l -Runoff Rela t ions 
Two r e c o r d i n g s t r e a m g a g e s of the U. S. Geolog-
ica l Su rvey w e r e in o p e r a t i o n along the Big Muddy 
Rive r within the a r e a of the Li t t le Egypt Ne twork 
dur ing the s t o r m p e r i o d . T h e s e gages and the r i v e r 
a r e shown on F i g u r e 50. The a r e a d r a i n e d by the 
s o u t h e r n m o s t of the two s t r e a m g a g e s (P lumfie ld) , 
but not by the n o r t h e r n s t r e a m g a g e (Benton), l i e s 
l a r g e l y w i t h i n the d e n s e l y - g a g e d ne twork and i s 
l abe led bas in A on F i g u r e 4 8 . This for tunate s i t u a -
t ion p e r m i t t e d a c o m p a r i s o n of the s t o r m runoff and 
r a in fa l l from th i s bas in a r e a . Basin A (Fig. 48) 
c o n s i s t s of 255 s q u a r e m i l e s and i s c o m p r i s e d a l -
m o s t e n t i r e l y of r u r a l f a r m l a n d . 
The amount of d i s c h a r g e at the Benton s t r e a m -
gage (Fig . 50) was s u b t r a c t e d f rom the amount a t 
P lumf ie ld for the pe r iod f rom the t i m e of s t o r m 
in i t ia t ion unti l the r i v e r r e t u r n e d to b a s e flow. 
B a s e flow for the r i v e r a t both s t r e a m g a g e s was 
r e a c h e d by Sep tember 1, r e s u l t i n g in a 17-day 
p e r i o d , August 16 th rough S e p t e m b e r 1, when d i s -
c h a r g e f rom the s t o r m was cont inuing. The to ta l 
d i f ference in d i s c h a r g e be tween the two g a g e s , or 
the to ta l amount of runoff f rom the 2 5 5 - s q u a r e - m i l e 
a r e a as computed by using a r e c e s s i o n cu rve e x -
t e n s i o n wi th a fac tor of 0.9, was 18,324 second- foo t 
d a y s . This amoun t s to an a v e r a g e depth of 2.65 
inches of w a t e r ove r the b a s i n a r e a . The a v e r a g e 
ra in fa l l depth ca l cu la t ed for the 2 5 5 - s q u a r e - m i l e 
a r e a was 6.92 i n c h e s . Thus , a p p r o x i m a t e l y 38 p e r -
cent of the ra in fa l l b e c a m e runoff while the r e -
main ing 62 p e r c e n t went into evapora t ion and t r a n s -
p i r a t i o n . Under a v e r a g e cond i t i ons , 30 p e r c e n t of 
the ra infa l l in this a r e a of I l l inois b e c o m e s s t r e a m -
flow. Only one pe r i od of v e r y l ight ra infa l l o c c u r r e d 
over the bas in af ter the s t o r m ended and before 
Sep tember 2, so no s ignif icant effect on the amount 
of runoff can be a t t r i bu ted to o the r r a in fa l l in the 
d i s c h a r g e p e r i o d . 
The r i v e r h y d r o g r a p h s (F ig . 69) r e v e a l that the 
peak d i s c h a r g e a t the Benton s t r e a m g a g e o c c u r r e d 
on August 18, one day af te r the s t o r m had ended. 
P e a k d i s c h a r g e a t P lumfie ld c a m e on August 20, 
t h r e e days af ter the s t o r m ended . However , s i nce 
ra in fa l l n o r t h of the Benton gage was m u c h l e s s than 
in the n o r t h e r n a r e a of the Li t t le Egypt Network 
(Fig . 48) , and s ince the Benton gage d r a i n a g e a r e a 
was l e s s , 498 s q u a r e m i l e s c o m p a r e d to 753 s q u a r e 
m i l e s a t P lumf ie ld , the d i s c h a r g e was m u c h m o r e 
r a p i d at Benton and m a k e s c o m p a r i s o n s of d i s c h a r g e 
r a t e s difficult . On the peak d i s c h a r g e d a y s , both 
s t r e a m g a g e s p a s s e d 16.2 p e r c e n t of the i r 17-day 
to ta l runoff. More than 80 p e r c e n t of the runoff 
f rom the s t o r m at both s t a t ions had been d i s c h a r g e d 
by the s ix th day after the s t o r m ended. 
S u m m a r y 
On August 16-17, 1959, a s e v e r e r a i n s t o r m in 
which amoun t s exceeded 10 inches in 16 h o u r s o c -
c u r r e d in sou the rn I l l inois and b o r d e r i n g s t a t e s . 
The c o r e of th is s t o r m was c e n t e r e d on a r a i n g a g e 
ne twork cons i s t ing of 54 gages in 550 s q u a r e m i l e s 
in sou the rn I l l ino i s . This ne twork p rov ided de t a i l s 
on the s t o r m c h a r a c t e r i s t i c s se ldom ava i l ab le in 
s e v e r e r a i n s t o r m s . Rainfal l amoun t s i n the s t o r m 
c e n t e r exceeded the 100-yea r f r equenc ies in this 
a r e a . 
Rada r o b s e r v a t i o n s ind ica te that th is s e v e r e 
r a i n s t o r m was in i t ia ted over sou the rn I l l inois when 
a squal l l ine , o r i en ted E-W in e x t r e m e s o u t h e r n 
I l l inois and moving s lowly n o r t h w a r d , m e r g e d with 
a squal l l ine moving s o u t h e a s t w a r d from c e n t r a l 
I l l i no i s . This m e r g i n g took p lace in the r e g i o n of 
m a x i m u m p r e c i p i t a b l e w a t e r content a t tha t t i m e . 
The s t o r m was sus t a ined by a s e r i e s of squa l l l ines 
which moved in to the s t o r m zone dur ing the 16-hour 
pe r iod following the in i t i a l m e r g e r . Analys i s of the 
dense r a ingage ne twork data indica ted that 6 l i nes 
of ra in fa l l swept a c r o s s the s t o r m c o r e , while 
a n a l y s i s of r e c o r d i n g r a ingage data ou ts ide the 
s t o r m c o r e ind ica ted a p p r o x i m a t e l y 9 l i n e s o c -
c u r r e d within o r su r round ing the s t o r m reg ion 
dur ing the s t o r m pe r iod . Most of t h e s e l ines w e r e 
de tec t ed f i r s t in the su r f ace ra infa l l p a t t e r n 75 to 
100 m i l e s no r thwes t of the s t o r m c e n t e r . Ana lys i s 
ind ica ted tha t the suppor t ing l ines p robab ly f o r m e d 
south of and a p p r o x i m a t e l y p a r a l l e l with a 3 0 0 - m b 
wind m a x i m u m loca ted about 200 m i l e s n o r t h w e s t 
o f the s t o r m c o r e . T h e s e l i nes developed v e r t i c a l l y 
a s they m o v e d s o u t h e a s t w a r d t oward the s t o r m 
reg ion and th rough an a r e a of d ive rgence a t the 300-
mb l eve l . As t he se l ines app roached the s t o r m 
zone , they e n t e r e d the r eg ion of m a x i m u m p r e c i -
p i tab le w a t e r which r e s u l t e d in m a x i m i z a t i o n of the 
p r e c i p i t a t i o n p r o c e s s within the s t o r m zone , a p -
p a r e n t l y a zone of wind c o n v e r g e n c e and cyc lonic 
s h e a r . As the l ines e n t e r e d the s t o r m zone , t h e i r 
speed d e c r e a s e d g r e a t l y a s they b e c a m e o r i e n t e d 
a p p r o x i m a t e l y p a r a l l e l to the m e a n upper wind flow. 
F u r t h e r m o r e , the speed of individual r a i n s t o r m s 
within the l ines d e c r e a s e d g r e a t l y in the s t o r m 
c e n t e r , p o s s i b l y due to blocking act ion on the winds 
from the wel l developed por t ion of the convec t ion 
s y s t e m upwind from the su r face s t o r m c o r e . As the 
l i nes moved sou theas twa rd out of the s t o r m zone , 
they left the r eg ion of m a x i m u m p rec ip i t ab l e w a t e r 
content and the upper leve l d ive rgence field, and 
g r a d u a l l y d i s s i p a t e d . The s t o r m ended when the 
zone of m a x i m u m m o i s t u r e content dr i f ted s lowly 
sou thward , the upper winds shifted to a m o r e n o r t h -
e r l y d i r e c t i o n , and d r i e r a i r moved into s o u t h e r n 
I l l inois dur ing the forenoon of August 17. 
Figure 48. Total storm rainfall for August 16-17, 1959 
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a. MAXIMUM 3-HOUR RAINFALL, 0000-0300 CST 
b. MAXIMUM 6-HOUR RAINFALL, 2300-0500 CST 
c. MAXIMUM 12-HOUR RAINFALL, 2100-0900 CST 
Figure 49. Maximum 3-, 6-, and 12-hour rainfall maps, August 16-17, 1959 
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Figure 50. Total storm rainfall. Little Egypt Network, August 16-17, 1959 
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a MAXIMUM I-HOUR RAINFALL b. MAXIMUM 2-HOUR RAINFALL 
c MAXIMUM 3-HOUR RAINFALL d. MAXIMUM 6-HOUR RAINFALL 
e. MAXIMUM 12-HOUR RAINFALL 
Figure 51. Maximum rainfall periods on Little Egypt Network, August 16-17, 1959 
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Figure 52. Average recurrence interval of maximum 12-hour rainfall on L i t t le Egypt Network, August 16-17, 1959 
Figure 53. Mass curves for Little Egypt Network based on hourly rainfall, August 16-17, 1959 
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Figure 54. Time distribution of hourly rainfall, Little Egypt Network, August 16-17, 1959 
Figure 55. Total rainfall for August 11-15, 1959 Figure 56. Total rainfall for August 6-15, 1959 
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Figure 57. Surface synoptic map at 1800 CST on August 16, 1959 
Figure 58. 850-mb map at 1800 CST on August 16, 1959 
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Figure 59. 700-mb map at 1800 CST on August 16, 1959 
Figure 60. 500-mb map at 1800 CST on August 16, 1959 
Figure 61. 300-mb map at 1800 CST on August 16, 1959 
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Figure 63. Showalter stability index at 1800 CST, August 16, 1959 
Figure 62. Precipitable water for surface to 400 mb at 1800 CST, August 16, 1959 
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Figure 64. CPS-9 radar echoes on August 16-17, 1959 
Figure 65. Echo areas indicated by U. S. Weather Bureau radar network on August 16-17, 1959 
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Figure 66. Squall line movement across Little Egypt Network, August 16-17, 1959 
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Figure 67. Hourly rainfall maps for August 16-17, 1959 
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Figure 68. Hourly rainfall maps for August 17, 1959 
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Figure 69. Hydrographs for Big Muddy River at Benton and Plumfield 
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